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ABSTRACT 


An  algorithm  for  the  assignment  of  time  slots  within  a 
Time  Division  Multiple  Access  (TDMA)  scheme  for  an  integrated 
voice  and  data  packet  radio  network  is  implemented  in,  and 
studied  by,  a  computer  simulation.  The  slot  assignment 
scheme  is  applied  both  to  a  static  network,  where  "best  path" 
routes  are  held  constant,  and  also  to  a  network  where  the 
"best  path"  routes  are  permitted  to  change  dynamically  during 
the  simulation  as  communications  capability  at  various  nodes 
approaches  saturation. 

The  Dijkstra  algorithm  is  used  to  determine  and  modify 
"shortest  distance"  routes,  and  the  sensitivity  of  performanc 
to  various  parameters  used  in  defining  the  link  "distance 
function"  is  investigated.  The  major  conclusion  is  that  it 
is  possible  to  route  in  a  way  that  reduces  the  average  energy 
transmitted  per  message  without  substantially  decreasing  the 
network  throughput . 
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I.  INTRODUCTION 


A. '  GENERAL 

The  purpose  of  military  communications  is  to  provide  the 
military  commander  with  the  ability  to  exercise  command  and 
control  over  his  forces.  Military  communications  sys  ns 
must  be  reliable,  responsive  to  user  requirements,  an  -•hould 
offer  a  measure  of  security  to  the  information  carrie  .  ihe 
commander’s  communications  requirements  were  satisfied  for 
centuries  through  the  use  of  couriers  and  various  visual 
and  acoustic  means  of  communications.  All  of  these  communi¬ 
cations  techniques  have  a  place  in  the  overall  military 
communications  picture  today.  However  during  the  last 
several  decades  there  has  been  tremendous  technological 
development  which  has  driven  a  rapid  evolution  of  tactics  as 
new  weapons  and  support  systems  have  been  fielded.  Most 
tactical  military  communications  today  are  carried  by 
electrical  or  electronic  devices,  e.g.  radio  or  telephone. 

A  basic  radio  communications  system  includes  at  least  two 
parties  and  a  channel  of  communications  between  rhem.  The 
channel  is  a  frequency,  a  band  of  frequencies,  or  perhaps  a 
wire  or  optical  fiber  with  a  bandwidth  large  enough  to 
accommodate  the  modulated  signals  exchanged  by  the  parties. 

A  communications  circuit  is  established  when  one  party 
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(the  originator)  effects  communications  with  another  party 
(the  addressee)  over  a  channel. 

Tactical  radio  communications  today  are  primarily 
hierarchical  in  nature.  That  is,  the  flow  of  information  is 
usually  up  and  down  the  chain  of  command  from  senior  to 
subordinate  and  vice  versa.  Lateral  links  between  adjacent 
units  are  usually  limited  and  are  not  well  defined  in  current 
military  communications  doctrine.  Lateral  links,  when 
employed,  are  usually  operated  with  multichannel  radio 
equipment  and  serve  to  increase  the  total  communications 
system  flexibility  by  providing  alternate  communications 
paths . 

Current  military  voice  radio  and  recoi d  or  data  communi¬ 
cations  circuits  are  operated  in  one  of  the  three  modes 
described  below. 

1 .  Broadcast  Operation 

In  the  broadcast  method  of  operation  one  station 
transmits  and  the  other  station(s)  receive.  The  flow  of 
information  is  in  one  direction  only,  however  different 
stations  may  broadcast  at  different  times. 

2 .  Point-to-Point  Operation 

A  point-to-point  circuit  is  one  in  which  two  stations 
communicate  directly  with  each  other.  Both  stations  may 
transmit  and  receive  signals. 


3 .  Net  Operation 

Two  or  more  stations  that  use  a  common  channel  to 
communicate  comprise  a  net.  Note  that  a  point-to-point  circuit 
is  technically  a  net,  although  a  net  usually  has  several 
members.  Typically  one  station  on  the  net  is  designated  as 
the  Net  Control  Station  CNCS)  and  is  responsible  for  con¬ 
trolling  net  operations  and  for  maintaining  net  discipline  to 
ensure  orderly  and  efficient  operations.  In  a  "directed  net" 
any  station  other  than  the  NCS  which  has  traffic  to  peso  must 
first  request  permission  from  the  NCS  before  it  may  transmit 
its  message.  The  radio  (or  teletype)  operator  at  the  NCS 
thereby  manually  controls  the  flow  of  traffic  within  the  net. 
Since  all  stations  on  the  net  share  the  same  channel  it  may 
be  possible  for  two  or  more  net  members  to  communicate 
directly  with  each  other  (i.e.  point-to-point)  if  the  NCS  so 
approves.  It  is  also  possible  for  the  NCS  to  authorize  the 
net  to  operate  as  a  "free  net".  In  a  free  net  any  station 
may  send  traffic  to  any  other  station  in  the  net  whenever 
the  channel  is  available.  This  method  of  operation  may  permit 
greater  message  throughput  if  the  net  has  few  stations  or  the 
messages  are  brief  and  the  traffic  load  is  light.  As  the 
traffic  load  increases  and  more  stations  join  the  net,  the 
directed  net  mode  of  operation  may  be  required  to  reduce 
confusion  and  to  promote  the  orderly  exchange  of  information. 

Today  the  net  control  function  is  done  by  a  radio  operator, 
and  the  tactical  message  traffic  is  passed  by  an  operator  using 
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APC  125  voice  radiotelephone  procedure  or  by  a  radio  teletype 
operator.  The  voice  radio  messages  may  either  be  actual 
conversations  between  commanders  (or  staff  officers)  or  may 
be  properly  drafted  and  released  written  messages  that  are 
then  transmitted  by  trained  radio  operators.  In  any  event, 
transmitting  a  message  via  voice  utilizes  the  channel  for  a 
much  longer  length  of  time  than  would  be  required  to  transmit 
the  same  message  if  it  were  reduced  to  a  teletype  message. 

It  is  desirable  to  limit  the  amount  of  time  any  station  is 
transmitting  for  two  very  important  reasons.  First,  the 
chance  of  being  detected  and  located  by  enemy  radio  detection 
finding  (RDF)  equipment  increases  with  the  amount  of  time  a 
station  is  transmitting.  Second,  since  only  one  station  may 
use  the  channel  at  a  time  it  makes  sense  to  keep  trans¬ 
missions  as  brief  as  possible  to  provide  more  time  for  the 
other  stations  to  use  the  channel. 

This  doss  not  imply  that  all  voice  message  traffic  can  or 
should  be  reduced  to  teletype  or  digital  data  messages.  In¬ 
deed  there  appears  to  be  a  clear  and  present  requirement  for 
commanders  on  the  battlefield  to  be  able  at  times  to  converse 
directly  with  seniors  and  subordinates  via  voice  radio.  More' 
over  it  is  not  yet  practical  to  provide  every  radio  with  a 
means  of  automated  message  entry,  although  the  Marine  Corps 
has  made  some  progress  in  this  direction  with  the  recent 
development  of  the  AN/PSC-2  Digital  Communications  Terminal 
(DCT).  The  DCT  is  a  hand-held,  programmable  I/O  and  display 


device.  It  will  enable  users  rapidly  to  compose,  edit,  and 
display  free  text,  pre-formatted  messages,  and  graphics  such 
as  maps. 

The  development  and  integration  of  computers  and  micro¬ 
processors  with  communications  terminal  equipment  can  permit 
the  net  control  functions  to  be  automated. 

The  use  of  computers  on  the  modern  battlefield  is  not 
limited  to  communications  equipment.  As  weapons  and  military 
equipment  in  general  become  more  complicated  and  capable, 
computers  will  find  increased  application.  Computers  can  be 
used  to  process  and  manage  large  quantities  of  information 
and  can  provide  the  commander  and  his  staff  accurate  and 
timely  information. 

Military  communications  doctrine  is  constantly  evolving 
as  communications  requirements  change  to  support  new  tactics, 
equipment,  and  organizational  structures.  There  is  an  ever 
increasing  trend  toward  the  development  of  digital  communi¬ 
cations  equipment  because  digital  communications  networks 
offer  great  potential  for  providing  rapid,  reliable,  and 
secure  circuits  of  very  high  quality.  These  are  precisely 
the  types  of  circuits  required  for  computer  and  data  communi¬ 
cations.  Digital  communications  equipment  easily  accommodates 
the  digital  representation  of  information  generated  and  used 
by  computers.  Thus  it  is  no  accident  that  the  development 
of  communications  equipment  in  general  is  trending  along  this 
line . 
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B.  PACKET  RADIO 


There  has  beer,  considerable  research  conducted  since  the 
late  196G's  concerning  packet-switching.  Packet  radio  tech¬ 
nology  is  advancing  rapidly  and  its  eventual  application  to 
military  communications  appears  to  be  inevitable.  Packet 
radio  utilizes  packet-switched  communications  and  typically 
operates  on  a  multiple  access  radio  channel  to  create  a 
digital  radio  network.  A  packet  radio  network  has  the 
capability  to  provide  greater  message  throughput  than  the 
tactical  military  communications  presently  in  use,  and  is 
particularly  well  suited  to  carry  computer  communications 
and  other  digital  information  such  as  digitized  voice  or 
facsimile  traffic. 

Packet-switching  was  originally  developed  as  a  cost 
effective  method  of  supporting  computer  communications.  The 
traffic  generated  by  computers  is  "bursty"  in  nature  and  has 
a  low  duty  cycle.  That  is,  computers  generate  traffic  at 
very  high  rates,  but  the  individual  messages  are  relatively 
brief  and  infrequent,  so  that  the  messages  may  be  visualized 
across  time  as  short  bursts  of  data  separated  by  long  periods 
of  inactivity.  Since  the  channel  may  be  idle  nearly  all  of 
the  time,  it  would  be  a  very  inefficient  utilization  of 
resources  to  provide  a  separate  dedicated  channel  between 
each  pair  of  computers  that  may  have  occasional  requirements 
to  exchange  data.  It  is  reasonable  instead  to  arrange  several 
computers  Cor  data  terminals)  in  a  communications  network  and 
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to  devise  a  controlling  protocol  which  allows  all  of  these 
data  terminals  to  share  a  common  broadcast  channel.  I ^  id 
also  reasonable  to  create  a  unit  of  transmission,  called  a 
"packet",  of  some  appropriate  number  of  data  bits  and  to  let 
a  packet  or  series  of  packets  be  used  to  represent  a  data 
message. 

In  a  packet-switched  network  each  packet  may  be  of  a 
fixed  (variable  in  some  implementations)  length  up  to  a 
maximum  of  perhaps  a  few  thousand  bits.  Each  packet  contains 
all  of  the  addressing  and  control  information  necessary  to 
route  the  packet  to  the  desired  destination.  The  addressing 
and  control  information  might  not  be  necessary  in  the  follow- 
on  packets  of  the  packet-switching  scheme  employing  virtual 
circuits.  This  will  be  discussed  in  later  sections  of  this 
thesis . 

The  ability  to  connect  any  two  network  subscribers  is  an 
essential  attribute  of  any  communications  network.  If  the 
packet  radio  equipment  is  designed  in  such  a  way  that  each 
packet  radio  may  act  as  a  relay  or  repeater  in  addition  to  the 
obvious  requirement  of  being  able  to  provide  message  entry  and 
reception  for  local  users,  then  it  is  not  necessary  for  each 
terminal  to  communicate  directly  with  every  other  terminal  in 
the  network.  In  the  extreme,  most  of  the  packet  radio  terminal 
may  be  "hidden"  from  each  other  either  because  of  the  lack  of 
a  line-of-sight  (LOS)  path  caused  by  intervening  terrain 
and/or  vegetation  or  because  of  radio  range  limitations.  If 


we  assume  that  each  packet  radio  has  a  very  short  range  as 
compared  to  the  diameter  of  the  network,  then  all  that  is 
necessary  for  the  connectivity  requirement  to  be  satisfied 
is  that  there  exist  at  least  one  path,  via  any  number  of 
intermediate  repeaters,  between  any  pair  of  packet  radios. 

A  small  computer  or  microprocessor  is  resident  within  each 
packet  radio  to  implement  a  given  packet-switching  protocol 
or  message  routing  scheme  in  a  manner  that  is  completely 
transparent  to  the  user.  This  gives  the  user  in  the  network 
the  illusion  of  being  directly  connected  to  every  other  user 
in  the  network. 

This  is  the  basic  idea  of  a  packet-switched  packet  radio 
network.  The  network  is  composed  of  several  compatible 
computer  or  microprocessor  controlled  radios  operating  on  the 
same  frequency  or  band  of  frequencies.  Each  radio  communi¬ 
cates  directly  with  one  or  more  other  network  members,  and 
has  the  capability  both  to  service  local  users  and  to  act 
as  a  repeater  as  required  to  provide  full  connectivity 
throughout  the  network  as  a  whole. 

Many  packet-switching  routing  algorithms  and  multiple 
access  techniques  have  been  developed.  The  particular  routing 
scheme  and  multiple  access  technique  for  use  on  a  particular 
packet  radio  network  should  only  be  selected  after  a  careful 
analysis  of  such  questions  as  the  type  of  broadcast  channel, 
channel  bandwidth,  number  of  stations  in  the  network,  expected 
number  of  messages,  message  length,  network  topology  and 


connectivity,  radiated  power,  signal  energy,  radio  inter¬ 
ference,  microprocessor  capability,  propagation  and 
processing  time  delays,  the  permissible  message  delay  and 
so  forth.  Packet  routing  and  multiple  access  techniques 
will  be  discussed  further  in  later  sections  of  this  report. 

A  brief  summary  of  some  of  the  previous  research  conducted 
at  the  Naval  Postgraduate  School  (NPS)  concerning  packet 
radio  is  provided  in  paragraph  C  below. 

C.  SUMMARY  OF  PAST  RESEARCH  IN  PACKET-SWITCHING  CONDUCTED 

AT  NPS 

Considerable  research  has  been  performed  recently  at  NPS 
on  various  aspects  of  packet-switching,  and  eight  Master’s 
Degree  theses  have  been  produced  on  the  subject  during  the 
last  three  years.  The  author  obtained  much  of  his  background 
information  concerning  packet-switching  from  these  documents . 
A  brief  synopsis  of  each  of  these  reports  is  provided  in  the 
following  paragraphs. 

Lucke  [Ref.  1]  studied  the  nature  of  distributed  communi¬ 
cations  systems  and  their  possible  application  to  military 
communications.  He  discussed  schemes  for  the  distributed 
control  of  communications  networks,  routing  strategies,  and 
conducted  a  computer  simulation  of  an  asynchronous  routing 
algorithm  originally  proposed  by  Segall  and  Merlin  [Ref.  2], 
He  also  devised  a  procedure  for  the  time  synchronization  of 
a  packet  radio  network. 


Bond  [Ref.  3]  investigated  the  problem  of  self-inter¬ 
ference  in  a  packet  radio  network.  He  modeled  the  voice  radio 
and  record  communications  traffic  load  of  a  Marine  Amphibious 
Brigade  (MAB)  and  used  this  data  in  a  computer  simulation  of 
a  packet  radio  network  to  study  the  problem  of  self-inter¬ 
ference.  His  routing  algorithm  dispatched  messages  over  the 
path  that  required  the  fewest  number  of  transmissions.  Bond 
concluded  that  the  MAB  network  must  operate  with  either  a 
Time  Division  Multiple  Access  (TDMA)  or  Frequency  Division 
Multiple  Access  (FDMA)  scheme  in  order  to  limit 
self-interference . 

Kane  [Ref.  4]  studied  the  possille  use  of  the  VHF ,  UHF, 
and  SHF  frequency  bands  for  tactical  military  packet  radio 
communications.  His  work  included  the  simulated  tactical 
placement  of  a  MAB  on  the  STAR  Terrain  Model,  a  computerized 
parametric  terrain  representation  of  the  Fulda  Gap  region  in 
West  Germany.  The  Simulation  of  Tactical  Alternative 
Responses  (STAR)  Terrain  Model  was  developed  by  Professor 
J.  Hartman  at  NPS  and  is  resident  in  the  NPS  IBM  3033  computer. 
Kane  concluded  that  a  packet  racio  network  could  be  operated 
on  terrain  typical  of  western  Europe.  He  proposed  the  employ¬ 
ment  of  packet  radios  capable  of  operating  at  center  frequencies 
of  about  300  MHz  for  foliage  penetration  and  at  1.5  GHz  for 
increased  channel  capacity  and  decreased  probability  of 
interception . 
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Hobbs  [Ref.  5]  also  used  the  MAB  and  STAR  Terrain  Model 
first  studied  by  Bond  and  Kane  to  model  the  effect  of 
superimposing  a  UHF  "backbone'*  sub-network  on  the  overall  VHF 
MAB  mobile  distributed  communications  network.  He  developed 
two  algorithms  for  creating  connectivity  topologies  for  the 
backbone  and  mobile  sub-networks  and  concluded  that  it  was 
possible  to  design  robustly  interconnected  communications 
networks  for  the  use  of  packet  radio  technology  in  the  field. 

Chlebik  [Ref.  6]  used  the  MAB  topology  and  link  connec¬ 
tivity  developed  by  Hobbs  to  study  by  computer  simulation  the 
problem  of  mutual  interference  in  a  packet  radio  network. 

His  simulations  implemented  the  Dijkstra  and  Warshall-Floyd 
algorithms  to  determine  minimum-hop  paths  between  nodes,  and 
included  a  study  of  the  effect  of  using  directional  as  well 
as  omnidirectional  antennas.  He  found  that  although  mutual 
interference  in  the  backbone  sub-network  was  substantial,  it 
was  manageable.  However,  more  than  half  of  the  lower  fre¬ 
quency  mobile  nodes  experienced  unacceptably  high  levels  of 
mutual  interference  much  of  the  time. 

Mercer’s  research  [Ref.  7]  entailed  further  study  of 
routing  schemes  and  their  effects  on  interference  in  a  packet 
radio  network.  He  employed  the  MAB  and  STAR  terrain  models 
investigated  earlier  by  Bond,  Kane,  and  Chlebik  and  concen¬ 
trated  his  efforts  on  comparing  network  performance  with 
respect  to  the  interference  characteristics  of  least-hop  and 
least-energy  routing  schemes.  He  concluded  that  least-energy 
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routing,  or  that  perhaps  a  hybrid  routing  algorithm  based  on 
least-energy  scheme,  offered  the  best  solution  to  the  mutual 
interference  problem. 

Lengerich  [Ref.  8}  used  computer  simulations  to  evaluate 
the  relative  performance  of  two  distributed  routing  protocols. 
In  his  work  Lengerich  specifically  studied  the  Dijkstra 
shortest  path  routing  algorithm  and  both  a  synchronous  and 
asynchronous  implementation  of  the  Heritscn  [Ref.  9:  pp.  46-90] 
distributed  dynamic  routing  scheme. 

Heritsch  [Ref.  9]  devised  and  investigated  by  computer 
simulation  a  distributed  routing  protocol  for  a  packet  net¬ 
work.  To  reduce  the  size  of  the  routing  problem  in  large  nets, 
he  organized  the  nodes  into  Basic  Groups,  Related  Groups,  and 
Families,  and  created  a  network  management  protocol  which 
demonstrated  that  efficient  decentralized  control  of  a  packet 
radio  network  was  possible. 

D.  PURPOSE  AND  SCOPE  OF  RESEARCH 

1 .  General 

Time  division  multiple  access  (TDMA)  techniques  and 
principles  and  their  application  to  communications  networks 
are  well  understood.  There  are  many  ways  to  implement  a  TDMA 
network.  The  different  TDMA  schemes  offer  varying  degrees  of 
efficiency,  preservation  of  network  flexibility,  and  conser¬ 
vation  of  overall  network  channel  capacity.  The  particular 
type  of  TDMA  scheme  selected  for  implementation  in  any  given 


21 


network  will  depend  on  many  of  the  same  considerations  listed 


earlier  for  selection  of  a  packet-switching  scheme.  However, 
TDMA  scheme  selection  must  also  be  based  on  the  ability  of  the 
network  to  maintain  time  synchronization.  The  synchronization 
problem  is  addressed  in  section  II. 

2 .  Purpose 

The  purpose  of  this  thesis  is  to  develop  and  study  by 
computer  simulation  a  TDMA  time  slot  assignment  scheme 
appropriate  for  application  to  a  packet  radio  network  utiliz¬ 
ing  dynamic  routing.  The  Dijkstra  shortest  path  algorithm 
is  used  to  periodically  determine  and  modify  "best  path" 
routes  between  every  pair  of  radios  in  the  network.  The 
performance  of  any  network  is  highly  dependent  upon  the  type 
of  "distance  function"  that  is  used  to  calculate  the  "link 
weights"  which  the  Dijkstra  algorithm  uses  to  update  the 
"best  path"  traffic  routing  tables.  Accordingly,  the 
research  goals  include  a  study  of  the  sensitivity  of  per¬ 
formance  with  respect  to  various  parameters  used  in 
calculating  the  distance  function. 

3 .  Scope 

It  was  not  possible  or  practical  to  simulate  all  of 
the  time  slot  assignment  schemes  that  were  developed  during 
the  preliminary  stages  of  research  for  this  thesis.  Time 
constraints  and  the  amount  of  work  required  to  write  a 
simulation  program  demanded  that  we  study  o.nly  one  or,  at 
most,  two  slot  assignment  algorithms.  We  decided  to 
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appropriate  for  application  to  a  packet  radio  network  utilis¬ 
ing  dynamic  routing.  The  Dijkstra  shortest  path  algorithm 
is  used  to  periodically  determine  and  modify  "best  path" 
routes  between  every  pair  of  radios  in  the  network.  The 
performance  of  any  network  is  highly  deDendent  upon  the  type 
of  "distance  function"  that  is  used  to  calculate  the  "link 
weights"  which  the  Dijkstra  algorithm  uses  to  update  the 
"best  path"  traffic  routing  tables.  Accordingly,  the 
research  goals  include  a  study  of  the  sensitivity  of  per¬ 
formance  with  respect  to  various  parameters  used  in 
calculating  the  distance  function. 

3 .  Scope 

It  was  not  possible  or  practical  to  simulate  all  of 
"he  time  slot  assignment  schemes  that  were  developed  during 
the  preliminary  stages  of  research  for  this  thesis.  Time 
constraints  and  the  amount  of  work  required  to  write  a 
simulation  program  demanded  that  we  study  only  one  or,  at 
test,  two  slot  assignment  algorithms.  We  decided  to 


concentrate  our  efforts  on  two  schemes  that  intuitively 
seemed  to  offer  the  greatest  possible  performance  in  a  hypothe 
tical  military  packet  radio  network.  Both  schemes  were 
simulated  on  a  small,  richly  connected  packet  radio  network 
with  static  best  path  routing.  One  of  the  slot  assignment 
algorithms  gave  performance  substantially  better  than  the 
other  algorithm.  Since  it  was  reasonable  to  assume  that  the 
better  algorithm  would  also  yield  superior  performance  when 
the  simulation  program  was  modified  to  accommodate  dynamic 
routing,  the  poorer  performing  scheme  was  discarded  and  will 
not  be  discussed  further.  The  remainder  of  this  thesis  is 
based  on  the  research  conducted  with  the  better  algorithm. 

This  narrowed  the  scope  of  the  thesis  to  one  possible  TDMA 
slot  assignment  scheme  which  could  be  thoroughly  investigated 
in  the  available  time. 

It  was  necessary  throughout  the  course  os  our  studies 
occasionally  to  make  assumptions  concerning  the  design  and 
operation  of  the  hypothet ical  network  which  was  being  modeled. 
All  of  these  assumptions  (discussed  in  section  III)  somewhat 
limited  the  scope  of  the  thesis.  Assumptions,  when  required, 
were  made  after  careful  consideration  of  scare  of  the  art 
capabilities.  The  hypothetical  network  design  and  operating 
characteristics  were  developed  based  on  what  we  believe  are 
reasonable  assumptions  and  opinions  of  how  a  military  tactical 
packet  radio  network  might  someday  operate. 


II.  PACKET  RADIO  NETWORK  CONCEPTS 


A.  TERMINOLOGY  AND  DEFINITIONS 

Packet  radio  has  a  vocabulary  all  its  own.  Some  of  the 
terms  come  from  the  branch  of  mathematics  known  as  Graph 
Theory  while  the  other  terms  ar°  unique  to  communications  or 
have  10  specific  source.  Before  proceeding  further  it  is 
necessary  to  provide  the  reader  with  definitions  or  explana¬ 
tions  of  some  of  the  more  frequently  used  terms  found  in  the 
racket-switching  literature  and  later  portions  of  this 
report.  Defined  below  are  some  of  the  terms  essential  for 
the  discussion  of  basic  network  concepts.  Other  terms  will 
be  defined  as  required. 

A  "packet"  is  a  unit  of  digital  data  of  some  fixed  or 
variable  number  of  bits.  The  packet  radio  network  discussed 
Herein  utilizes  fixed  192  bit  packets;  however  it  is  possible 
to  operate  a  network  with  variable  length  packets.  Each 
racket  usually  contains  a  "header"  which  holds  all  of  the 
routing  and  control  information  necessary  to  route  the  packe 
to  its  intended  destination.  A  message  is  usually  composed 
of  many  packets.  The  outgoing  message  is  processed  within 
the  local  (originating)  packet  radio  or  switch  to  divide  the 
message  into  packets.  The  packets  are  then  sequentially 
transmitted  over  the  communications  channel. 


"Packet-switching"  is  the  communications  technique  which 
connotes  that  there  is  individual  packet  processing  at  e^ach 
packer  radio  or  switch  in  the  network  in  such  a  way  that  the 
packet’s  route  through  the  network  may  be  determined  dynam¬ 
ically.  In  packet-switching  each  packet  is  transmitted  from 
node  to  node  across  the  network  from  the  originator  to  the 
destination.  As  mentioned  earlier,  each  packet  switch  may 
provide  service  to  one  or  more  local  subscribers  in  addition 
to  relaying  through  traffic. 

A  packet  radio  or  switch  is  commonly  called  a  "node"  ,  and 
the  communications  path  between  any  pair  of  adjacent  nodes  is 
called  a  "link".  The  links  in  a  network  may  be  radio  paths, 
wire  trunks,  or  perhaps  some  combination  of  both  of  these.  Th 
network  then  is  composed  of  nodes  and  links.  As  a  brief 
aside,  note  that  links  may  be  unidirectional  or  bidirectional. 
Unidirectional  links  may  be  viewed  as  one-way  streets  or1 
directed  line  segments  while  bidirectional  links  are  analogous 
to  two-way  streets.  Only  bidirectional  links  were  rermitted 
in  our  hypothetical  network  because  the  time  slot  assignment 
algorithm  required  simplex  communications  between  each  pair  of 
linked  nodes  in  order  to  coordinate  the  assignment  of  time 
3  lo  t  S  . 

Each  node  in  the  network  maintains  one  or  more  links  with 
other  network  nodes  called  "neighbors".  It  is  desirable  for 
each  node  to  claim  more  than  one  neighbor.  This  enhances 


network  connectivity,  flexibility,  capacity  and  overall 
reliability.  It  is  not  clear  how  many  neighbors  each  node 
should  try  to  claim  or  how  many  neighbors  are  sufficient 
to  guarantee  a  measure  of  network  robustness;  it  depends 
on  such  variables  as  the  traffic  load,  equipment  and  path 
reliability,  link  capacity,  terrain  and  radiated  power  con¬ 
straints,  whether  the  packet  routing  is  dynamic  or  static, 
etc.  There  must  be  some  practical  bound  on  the  number  of 
neighbors  a  node  would  need  or  be  able  to  claim.  This  is 
particularly  true  of  our  packet  radio  network  implementation 
which  required  the  assignment  of  a  finite  amount  of  equip¬ 
ment  resources  within  each  packet  radio  for  each  link  to  a 
neighbor.  Hobbs  work  [Ref.  53  indicates  that  five  or  six 
neighbors  per  node  produces  attractive  networks  in  typical 
situations . 

A  "weight”  may  be  thought  of  as  a  cost.  "Distance"  and 
"channel  value"  are  synonyms  for  weight  frequently  encountered 
in  the  literature.  In  our  network  we  assign  a  "link  weight" 
to  each  link.  The  link  weight  is  a  function  of  the  link 
attenuation  and  therefore  the  energy  per  bit  required  to 
establish  communications  over  the  link.  The  low  attenuation 
links  are  more  desirable  and  are  assigned  a  correspondingly 
lower  weight  than  the  less  desirable  higher  attenuation  links. 
We  also  assign  a  "node  weight"  which  is  a  function  of 
congestion  present  at  the  nodes  on  a  link.  The  node  weight 


increases  as  one  or  both  of  the  nodes  on  a  link  become  more 
congested.  The  calculation  of  node  and  link  weights  is 
discussed  in  detail  in  section  IV. 

When  a  packet  is  transmitted  over  a  link  it  is  said  ro 
have  made  one  "hop”.  A  packet  may  traverse  a  single  hop 
or  multiple-hop  path  from  an  originator  to  an  intended 
addressee  depending  on  network  connectivity  and  the  proximity 
of  the  two  communicating  nodes.  The  link  weight  is  used  by 
the  routing  algorithm  to  determine  what  is  referred  to  as  the 
"best  path"  between  any  pair  of  nodes  in  the  network.  We 
seek  to  direct  packet  messages  over  the  path  that  presents 
the  least  total  cost.  Link  and  node  weight  functions  may  be 
constructed  that  cause  link  and  node  weights  to  be  calcu¬ 
lated  in  such  a  way  that  the  best  paths  are  actually  the 
least-hop  or  least-energy  paths.  It  is  also  possible  to 
design  the  weighting  functions  and  perform  the  distance 
calculations  to  permit  best  path  assignments  based  on  a 
combination  of  least-hop  and  least-energy  path  considerations 

Time  division  multiple  access  (TDMA)  is  a  signalling 
method  by  which  two  or  more  separate  and  distinct  information 
bearing  signals  are  transmitted  over  the  same  channel  by 
allocating  different  time  intervals  for  the  transmission  of 
each  signal.  TDMA  permits  all  nodes  in  the  network  to  share 
a  common  channel  by  transmitting  signals  that  are  separated 
in  time.  Our  network  used  TDMA.  Time  was  divided  into  time 
"frames".  The  frames  had  a  fixed  time  duration.  Each  frame 


was  then  divided  into  a  number  of  uniform  fixed  length  time 
"slots".  Each  slot  could  then  be  assigned  to  carry  one  packet 

Frequency  division  multiple  access  (FDMA)  is  a  signalling 
method  by  which  two  or  more  separate  and  distinct  information 
bearing  signals  may  be  simultaneously  transmitted  over  the 
same  communications  path . by  sending  each  signal  over  a 
different  carrier  frequency.  The  possible  implementation  of 
a  military  packet  radio  network  using  FDMA  was  considered 
during  the  early  stages  of  our  research  but  was  discarded 
because  an  FDMA  network  appeared  to  require  a  larger  number 
of  more  complex  receiver-transmitters  than  an  equivalent 
TDMA  implementation.  Additionally,  we  decided  early-on  to 
use  a  spread  spectrum  technique  to  provide  the  packet  radio 
transmissions  the  antijamming  (AJ)  and  low  probability  of 
intercept  (DPI)  that  spread  spectrum  communications  offer. 
Although  it  seemed  possible  to  devise  a  frequency  hopping 
spread  spectrum  FDMA  scheme,  before  such  a  scheme  could  be 
effectively  implemented  we  would  have  to  solve  the  same  time 
synchronization  problem  which  was  the  only  major  drawback  to 
a  direct  sequence  spread  spectrum  TDMA  implementation.  The 
time  synchronization  problem  is  addressed  in  paragraph  D 
below,  and  once  this  problem  was  solved  TDMA  became  the 
operating  method  of  choice. 

Code  division  multiple  access  (CDMA)  is  a  digital 
communications  technique  that  permits  several  seoarate  and 
distinct  signals  to  be  transmitted  and  unambiguously  received 


over  one  broad-band  channel  at  the  same  time.  Each  node  in 
the  network  has  assigned  to  it  a  unique  pseudonoise  (PM)  code 
that  may  be  thought  of  as  specifying  the  node's  address. 

The  PN  code  is  modulated  by  the  outgoing  binary  data.  CDMA 
is  used  in  our  proposed  packet  radio  network  because  of  the 
"selective  addressing"  capability  it  offers  and  because  the 
CDMA  technique  is  easily  implemented  in  a  spread  spectrum 
communications  network. 

B.  SPREAD  SPECTRUM  COMMUNICATIONS 

Spread  Spectrum  is  a  communications  technique  that 
involves  expanding  the  bandwidth  of  the  information  bearing 
signal.  The  expanded  (spread  spectrum)  signal  is  then 
transmitted  over  a  much  wider  range  of  the  frequency  spectrum 
than  a  more  conventional  signal  with  a  transmitted  bandwidth 
approximately  equal  to  the  bandwidth  of  the  information.  The 
desired  signal  is  recovered  by  remapping  the  received  spread 
spectrum  signal  into  the  original  information  bandwidth. 

In  a  spread  spectrum  communications  system  the  bandwidth 
of  the  data  signal  may  be  increased  by  one  of  three  possible 
methods  known  as  time  hopping  spread  spectrum  (THSS),  fre¬ 
quency  hopDing  spread  spectrum  (FHSS),  or  by  a  technique 
known  as  direct  sequence  spread  spectrum  (DSSS).  It  is  also 
possible  to  design  a  hybrid  spread  spectrum  communications 
system  that  employs  two  of  these  methods  simultaneously.  All 
of  this  is  discussed  fully  in  Reference  10,  and  since  our 


hypothetical  network  utilizes  DSSS,  the  THSS  and  FHSS 
methods  will  not  be  discussed  further. 

The  CDMA  technique  is  readily  implemented  in  a  DSSS 
communications  system.  The  "DS"  in  DSSS  stands  for  "direct 
sequence",  which  refers  to  the  high  rate  (large  bandwidth) 
binary  code  sequence  that  is  modulated  by  the  lower  rate 
data  stream  to  produce  a  very  wideband  signal  suitable  for 
spread  spectrum  communications.  It  is  possible  to  find  ?N 
code  sequences  with  a  low  enough  crosscorrelation  so  that 
CDMA  communications  are  possible  and  the  mutual  interference 
is  acceptable.  One  class  of  PN  sequences  can  be  easily 
generated  by  a  programmable  or  a  permanently  wired  feedback 
shift  register  (FSR).  The  modulated  wideband  signal  is 
obtained  by  modulo  two  addition  of  the  PN  code  and  the  out¬ 
going  data  signal  [Ref.  1C:  p.  5],  All  of  the  packets 
transmitted  by  a  node,  whether  locally  generated  or  relay 
traffic,  are  modulo  two  added  to  the  node's  PN  code  sequence 
to  produce  rhe  wideband  signal  that  is  then  transmitted. 

The  received  wideband  signal  must  be  processed  at  the 
receiving  node  to  recover  the  baseband  data  which  is  then 
either  delivered  to  a  local  subscriber  or,  in  the  case  of 
relay  traffic,  used  to  modulate  this  node's  PN  sequence  to 
produce  a  new  wideband  signal  that  is  retransmitted  on  the 
link  to  the  next  node  along  the  best  path  to  the  addressee. 
The  received  signal  is  applied  to  a  bank  of  some  type  of 
correlation  devices  which  reduce  the  signal  to  its  baseband 


form.  The  correlators  may  be  surface  acoustic  wave  (SAW) 
devices,  programmable  matched  filters  (MF),  or  programmable 
charge-coupled  devices  (CCD).  In  any  event,  each  node  must 
have  one  correlator  set  up  and  dedicated  for  use  in  receiving 
signals  from  each  of  its  neighbors. 

In  addition  to  the  multiple  access  and  selective 
addressing  capabilities  already  discussed,  spread  spectrum 
communications  offer  other  advantages  that  are  valuable  in  a 
military  communications  system.  Earlier  we  alluded  to  the 
antijamming  (AJ)  and  low  probability  of  intercept  (DPI) 
properties  of  spread  spectrum  systems.  The  wideband  signal 
spectra  produced  in  a  DSSS  system  preferrably  has  its  signal 
power  spread  uniformly  across  a  wide  band  of  frequencies. 
Therefore,  the  transmitted  signal  power  density  over  any 
small  range  of  frequency  can  be  made  quite  small,  perhaps 
10  dB  to  30  d3  below  the  level  of  the  background  noise. 

Thus  a  spread  spectrum  signal  may  be  buried  in  the  background 
noise  where  it  is  not  detectable  with  a  conventional  receiver. 

Today  our  military  codes  and  cryptographic  devices  and 
their  associated  keying  material  are  controlled  and  distributed 
from  the  National  Security  Agency  (NSA)  through  the  Classified 
Material  System  (CMS)  of  the  Department  of  Defense  (DOD). 

If  a  number  of  ?N  codes  with  suitable  crosscorrelation  proper¬ 
ties  could  be  generated  and  then  distributed  through  the  CMS, 
and  if  the  codes  were  changed  frequently  and  properly 
protected  by  the  local  holders  or  the  codes,  then  a  military 


DSSS  packet  radio  network  might  not  require  additional 
cryptographic  protection  because  the  modulated  PN  bit  stream 
exhibits  the  pseudorandom  characteristic  produced  by  any 
"good”  cryptographic  system.  If  additional  cryptographic 
protection  were  required,  then  the  data  could  be  encrypted 
before  being  used  to  modulate  the  PN  sequence  to  produce  a 
cryptographically  secure  wideband  signal  for  transmission. 

In  this  case  a  relaying  node  would  receive  and  correlate  the 
incoming  wideband  packet  to  collapse  this  incoming  signal 
to  an  encrypted  baseband  signal.  The  encrypted  baseband 
signal  would  then  have  to  be  processed  by  a  cryptographic 
device  connected  to  (or  resident  within)  the  packet  radio 
to  produce  the  plain-text  baseband  information  packet.  The 
node  could  then  read  the  packet  header  and,  seeing  that  the 
packet  is  destined  for  some  other  node,  the  relaying  node 
would  re-encrypt  the  packet  and  use  the  resulting  data 
stream  to  modulate  its  own  PN  sequence  to  produce  the  spread 
spectrum  signal  it  would  then  transmit  to  its  best  path 
neighbor  on  the  link  to  the  intended  destination. 

It  might  be  desirable  to  leave  the  packet  header 
unencrypted.  Then  a  node  would  obtain  a  plain-text  header 
with  address  information  directly  from  the  correlator.  The 
node  would  then  decrypt  the  remainder  of  the  packets  that 
were  addressed  to  it,  or  would  re-modulate  and  retransmit  the 
packets  addressed  to  other  nodes  without  first  decrypting  and 
then  re-encrypting. 


In  this  thesis  we  do  not  study  if  or  how  a  military  oacke 
radio  network  would  be  made  secure  by  cryptographic  devices. 
The  methods  proposed  above  are  involved  and  admittedly 
equipment  intensive;  however,  even  if  devices  such  as  these 
are  not  today  physically  realizable,  in  the  author's  opinion 
it  should  be  possible  to  build  this  type  of  cryptographic 
equipment  by  the  time  a  military  packet  radio  network  is  read 
to  be  fielded. 

C.  VIRTUAL  CIRCUITS 

Person-to-person  digital  voice  communications  require  the 
nearly  continuous  use  of  a  low-bandwidth  channel,  whereas 
the  more  bursty  computer-to-computer  traffic  generally  needs 
intermittent  use  of  a  high-bandwidth  channel.  A  packet  radio 
switch  can  reserve  and  release  channel  capacity  as  needed  to 
satisfy  these  communications  requirements.  Our  network  was 
designed  to  accommodate  both  voice  and  data  communications; 
however,  the  method  by  which  each  of  these  is  handled  is 
different . 

Interactive  voice  communications  must  be  processed  on  a 
real-time  basis  to  be  useful,  whereas  data  communications  are 
largely  one-way  and  may  be  reassembled  and  stored  at  the 
receiving  terminal  for  later  review.  End-to-end  delays  of 
more  than  0.1  seconds  in  voice  traffic  start  to  become 
noticeable  and  should  be  avoided,  while  delays  in  data 
communications  are  more  tolerable  as  long  as  all  of  the  '  i ta 
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packets  are  eventually  received  by  the  addressee  and  can  be 
properly  reassembled  to  recreate  the  original  message.  Data 
packets  may  be  received  in  any  order  but  voice  packets  must 
be  received  in  the  order  in  which  they  are  transmitted  and 
with  relatively  uniform  delay  to  be  useful.  Note  also  that 
bit  errors  and  lost  packets  are  intolerable  in  data  communi¬ 
cations  and  therefore  the  use  of  error  detection  and 
correction  codes  is  usually  required.  However  the  occasional 
occurrence  of  a  bit  error  or  lost  packet  may  not  seriously 
degrade  the  performance  of  packet-switched  voice  communica¬ 
tions  because  the  human  ear  will  detect  the  error  and  the 
listener  will  interpolate  and  understand  what  is  being  said 
[Ref.  11].  Under  these  considerations  it  is  reasonable  to 
use  "virtual  circuits"  to  carry  voice  communications  and  to 
use  the  "store-and-forward"  technique  for  the  transmission 
of  data  packets. 

In  our  packet  radio  network  a  virtual  circuit  is  con¬ 
structed  for  each  voice  communications  requirement  at  the  time 
that  demand  is  placed  on  the  network.  Each  virtual  circuit 
consists  of  a  pair  (one  for  transmitting  and  one  for 
receiving)  of  time  slots  on  each  link  along  the  best  path  from 
the  calling  to  the  called  party.  The  slots  associated  with 
each  virtual  circuit  are  then  reserved  or  temporarily  assigned 
for  the  duration  of  the  conversation.  Kuo  [Ref.  12:  p.  140] 
points  out  that  the  use  of  "a  virtual  circuit  approach,  in 
which  routes  are  selected  on  a  session-by-session  basis 


(depending  on  link  utilization  and  topological  connectivity 
criteria)"  is  one  method  to  maintain  packet  sequencing. 

Virtual  circuits  have  another  advantage  in  that  once 
established,  the  succeeding  packets  do  not  require  a  complete 
packet  header  because  the  nodes  along  the  best  path  have 
recorded  their  slot  assignments  in  routing  and  slot  assign¬ 
ment  tables  and  therefore  "know"  that,  in  the  case  of  a 
relaying  node,  packets  incoming  form  the  originator-side  in 
a  certain  slot  should  automatically  be  retransmitted  a  few 
milliseconds  later  to  the  best  path  neighbor  in  a  specific 
slot  that  was  reserved  when  the  virtual  circuit  was 
established.  The  relaying  node  does  the  same  thing  for  the 
packets  in  the  other  half  of  the  conversation,  i.e.  the 
voice  packets  from  the  called  to  the  calling  party. 
Additionally,  if  we  use  a  separate  buffer  or  queue  to 
temporarily  store  the  voice  and  data  packets  as  they  await 
retransmission  at  relay  nodes,  then  the  voice  packet  queue 
may  be  very  small  because,  according  to  our  algorithm,  a 
voice  packet  would  never  have  to  wait  for  more  than  1  frame 
plus  1  slot  duration  before  being  retransmitted.  However, 
the  data  packet  queue  would  normally  be  much  larger  in  order 
to  hold  the  many  data  packets  that  could  accumulate  at  a 
node  that  is  becoming  congested. 

The  algorithm  that  was  developed  to  simulate  the 
construction  of  virtual  circuits  is  presented  in  section  III; 
however  some  comments  concerning  how  requirements  for  voice 


communications  would  be  olaced  on  the  proposed  packet  radio 
network  are  in  order  here.  It  is  envisioned  that  a  virtual 
voice  circuit  in  a  packet  radio  network  could  be  constructed 
in  much  the  same  way  that,  typical  telephone  ( circuit-switched) 
communications  are  established  today.  A  caller  would  use  a 
combination  handset  and  keypad  to  "dial"  the  party  with  whom 
voice  communications  are  desired.  It  seems  likely  that  a 
tactical  packet  radio-  network  should  be  able  to  interface 
with  the  tactical  telephone  system  to  provide  trunking  on  an 
as  required  basis,  and  thus  provide  telephone  subscribers 
with  the  capability  to  direct-dial  any  other  telephone 
subscriber  in  the  integrated  wire  and  packet  radio  network. 

The  speaker's  voice  would  be  digitized  within  the  handset  and 
then  packetized  within  the  local  packet  radio.  In  any  event, 
after  the  calling  party  identifies  the  called  party  the 
packet  radios  automatically  attempt  to  biild  the  virtual 
circuit  along  the  best  path  according  to  the  routing  and  slot 
assignment  protocols.  The  caller  is  rhea  provided  with  and 
audio  and/or  visual  "busy"  or  "ring"  signal.  The  busy  signal 
might  indicate  that  the  called  party  was  already  engaged  in 
conversation  with  someone  else  or  that  a  link  along  the  best 
path  could  not  accommodate  the  assignment  of  a  pair  of  mutually 
available  time  slots.  The  calling  party  would  then  re-dial 
the  call  at  some  later  time. 

Once  the  virtual  circuit  is  established,  either  party  may 
signal  the  end  of  the  circuit  requirement,  i.e.  "hang  up". 
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by  pressing  or  releasing  a  key  on  the  handset  or  by  returning 
a  telephone  handset  to  its  cradle.  The  packet  radios  then 
automatically  break  down  the  virtual  circuit  from  the  oarty 
tfho  first  hung  up  to  the  other  party.  The  time  required  to 
build  or  break  down  a  virtual  circuit  depends,  in  part,  on  the 
slot  assignment  protocol  that  is  used;  however,  it  seems 
reasonable  to  expect  that  even  multiple-hop  circuits  can  be 
built  or  rebuffed  as  busy  in  much  less  than  1  second. 
Established  circuits  can  be  broken  down  very  easily  because 
the  slots  are  already  assigned  and  available  to  carry  an  end 
of  message  (EOM)  indicator. 

In  our  network  the  voice  communications  circuits  take 
precedence  over  data  communications  requirements  because  of 
the  requirement  that  voice  communication  be  real-time.  Data 
packets  are  passed  one  link  at  a  time  as  slots  and  channel 
capacity  are  available.  The  data  packets  are  examined  for 
errors  as  t..ay  are  received  at  each  node.  The  reception  of  a 
correct  data  packet  may  be  acknowledged  to  the  neighbor  node 
that  sent  the  packet.  Similarly,  a  node  may  request 
retransmission  of  a  data  packet  with  detected  errors.  Once 
a  correct  packet  is  received,  it  is  placed  in  a  data  queue  to 
await  transmission  to  the  next  node  along  the  best  path  to 
the  addressee.  This  is  known  as  "store-and-forward"  opera¬ 
tion.  So  the  data  packets  may  be  thought  of  as  filler  traffic 
that  is  transmitted  between  voice  virtual  circuits.  The 
virtual  circuits  are  always  built  when  the  required  slots  are 
available . 
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It  is  interesting  to  note  that  studies  have  shown  [Ref.  13 
that  the  average  speaker  in  a  two  party  conversation  is  only 
actively  vocalizing  approximately  40  percent  of  the  time. 
Speakers  talk  in  "talkspurts"  of  activity  separated  by  pauses 
to  breathe  and  listen.  It  may  therefore  be  possible  to  send 
data  packets  between  the  talkspurts  of  a  conversation.  A 
technique  such  as  this  called  Time  Assignment  Speech  Inter¬ 
polation  (TASI)  has  been  used  since  1960  to  nearly  double  the 
usefulness  of  expensive  deep  sea  telephone  cable  systems. 

[Ref.  14] 

D.  NETWORK  TIMING  AND  SYNCHRONIZATION 
1 .  Overview 

Our  packet  radio  network  is  designed  to  operate 
synchronously.  Synchronous  operation  here  means  that  all 
nodes  in  the  network  use  frames  that  are  synchronous  in  time. 
The  time  duration  of  any  frame  (or  slot)  is  the  same 
everywhere  in  the  network  thus  eliminating  the  need  for  more 
capable  "gateway"  nodes  to  link  sub-networks  employing 
different  frame/slot  structures  and  timing. 

Our  network  is  homogeneous.  All  nodes  are  equally 
capable.  In  military  parlance  it  could  be  said  that  the 
packet  radios  are  standardized,  interoperable  and  easily 
interchangeable.  These  are  all  desirable  qualities  of  a 
military  communications  system  because  they  lead  to  enhanced 
system  flexibility  and  reliability,  and  serve  to  reduce  the 


obvious  vulnerability  of  a  network  which  employs  a  few  highly 
sophisticated  nodes,  the  destruction  of  which  would  seriously 
degrade  network  performance. 

Although  it  is  possible  to  simulate  our  slot  assign¬ 
ment  algorithm  in  a  network  where,  at  any  instant,  two 
interconnected  nodes  may  be  at  the  start  of  different  slots, 
the  requirement  that  all  the  nodes  be  effectively  synchronized 
with  respect  to  time  slots  is,  in  our  network,  absolute.  Our 
additional  requirement  that  the  frames  be  synchronized  is  not 
unrealistic.  It  certainly  makes  the  computer  simulation 
program  easier  to  write  and  also  allows  network  operation  and 
program  execution  to  be  much  more  easily  traced. 

We  now  consider  whether  it  is  technically  possible  to 
synchronize  the  proposed  network  in  such  a  way  that  all 
neighboring  nodes  in  the  network  start  the  same  numbered  slot 
of  a  frame  at  very  nearly  the  same  time.  The  analysis  below 
is  a  reasonable  first  approximation  concerning  the  timing 
requirements  of  our  network.  The  analysis  is  laced  with  key 
assumptions  of  how  a  military  integrated  voice  and  data 
packet  radio  network  might  operate. 

2 .  Analysis 

The  first  matter  to  be  settled  is  the  selection  of  an 
operating  frequency.  Kane  [Ref.  4]  suggested  that  a  military 
packet  radio  network  should  be  operated  as  two  sub-networks 
with  different  operating  frequencies.  He  proposed  that  most 
of  the  packet  radios  oserate  at  300  MHz  to  permit  greater 


network  connectivity.  Kane  also  recommended  that  a  "back¬ 
bone”  sub-network  operating  at  1.5  GHz  be  superimposed  on  the 
300  MHz  network  to  provide  greater  bandwidth  and  correspond¬ 
ingly  greater  message  carrying  capability.  This  system  would 
require  some  type  of  interface  equipment  between  the  two 
sub-networks.  Additionally,  the  1.5  GHz  radios  needed  line- 
of-sight  (LOS)  paths  nearly  free  of  vegetation  because  of  the 
highly  directional  and  poor  foliage  penetration  properties  of 
signals  at  this  frequency.  On  the  battlefield  this  require¬ 
ment  means  that  the  backbone  terminals  would  usually  be  sited 
on  high  ground  relatively  free  of  cover  where  they  could  be 
vulnerable  to  enemy  observation.  Therefore,  we  decided  that 
our  network  would  operate  as  if  its  frequency  were  about 
300  MHz  where  LOS  paths  were  less  critical  and  adequate 
connectivity  had  been  demonstrated  by  Kane. 

The  analysis  that  follows  is  based  on  the  assunvotion 
that  our  network  utilizes  delta  modulation  (DM).  Readers; 
unfamiliar  with  DM  may  wish  to  consult  Reference  15,  pp.  539- 
546  or  Reference  16,  pp.  498-506.  DM  is  used  extensively 
in  military  communications  equipment  being  developed  by  the 
Joint  Tactical  Communications  Office  under  the  TRI-TAC  program 

Delta  modulated  voice  communications  are  typically 
sampled  at  16  kilobits  per  second  (16  kbps).  If  the  voice 
circuits  are  operated  as  "virtual  circuits",  and  if  we  allow 
only  one  slot  per  frame  to  be  assigned  for  the  transmission 


or  reception  of  a  particular  voice  circuit,  then  for  a  system 
with  12  uniform  slots  per  frame  the  duty  cycle  for  any  single 
circuit  is 

Duty  Cycle  =  1/12  =  0.0833 

If  we  assume  that  each  time  slot  has  a  duration  of  1 
millisecond  then  each  twelve  slot  frame  is  12  milliseconds 
long. 

Each  virtual  circuit  must  pass  traffic  at  an  overall 
rate  of  16  kbps,  and  since  the  duty  cycle  is  0.0833,  this 
implies  that  the  information  in  each  voice  virtual  circuit 
must  be  compressed  by  a  factor  of  twelve.  Therefore,  in 
our  twelve  slot  per  frame  scheme,  the  information  in  each 
slot  must  be  passed  at  a  rate  of, 

(16  kpbs )/(0.0833)  =  (16  kbps)(12)  =  192  kbps 

Thus  the  bandwidth  b  of  the  compressed  (lowpass)  signal  which 
will  be  used  to  modulate  the  PN  code  sequence  is , 

b  =  132  kbps  =  192  kHz 

Since  each  slot  is  1  millisecond  ong,  each  assigned 
slot  much  carry, 

(192  kbps)(lms)=  192  bits 
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of  the  compressed  information. 


Assuming  that  our  network  operates  spread  spectrum  at 
a  center  frequency  of  approximately  300  MHz,  then  as  a  rule  of 
thumb  we  could  reasonably  expect  to  spread  our  signal  over  a 
radio  frequency  (RF)  bandwidth  W  equal  to  about  one  half  of 
one  tenth  of  the  operating  center  frequency.  Thus 

W  =  (300  MHz) / ( 2 ) ( 10 )  =  15  MHz 

Therefore  the  PN  sequence  rate  is  15  Mbps  and  the  post 
detection  processing  gain  (PG)  of  the  spread  spectrum  signal 
is  approximately 

PG  =  W/b  =  (15  MHz) /( 192  kHz) =  78.125  =  18.9  dB 

In  spread  spectrum  terminology  the  bits  in  the  high 
rate  PM  sequence  are  called  "chips",  and  as  discussed  earlier, 
the  chip  sequence  is  modulated  by  the  data  to  oroduce  the 
spread  signal.  The  chip  rate  is  the  same  as  the  bandwidth  W 
of  the  spread  signal.  The  number  of  :hips  L  per  modulating 
data  bit  is  also  given  by 

L  =  W/b  =  (15  MHz ) / (192  kHz)  =  78.125  chips/bit 

In  any  actual  spread  spectrum  implementation  we  would  require 
a  whole  number  of  chips  per  bit.  Therefore  we  would  round  off 
the  result  of  this  calculation  to  78  chips  per  data  bit,  which 
would  change  slightly  the  bandwidths  and  PG  calculated  above. 
In  other  words,  we  would  select  some  integral  number  of  chips 
per  bit  that  would  yield  the  desired  spread  spectrum  bandwidth 


and  PG. 
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In  a  military  packet  radio  network  we  would  want  to 
use  the  most  compact  and  inexpensive  oscillator  that  would 
satisfy  our  timing  requirements.  In  our  proposed  packet 
radio  network  we  seek  to  synchronize  the  timing  signal 
derived  from  the  local  oscillator  to  within  0.1  chip  of  the 
received  chip  stream  in  order  to  properly  correlate  the 
received  signal.  That  is,  the  incoming  chip  stream  must  be 
synchronized  in  time  with  the  locally  generated  reference 
PN  sequence  that  is  used  to  remove  the  effects  of  spreading 
(i.e.  correlate)  and  reduce  the  received  signal  to  its 
compressed  baseband  equivalent. 

Oscillator  performance  is  measured  in  terms  of  an 
oscillator's  short-rerm  and  long-term  stability  characteris¬ 
tics.  Short-term  stability  refers  to  the  oscillator's 
ability  to  "beat"  regularly  over  a  brief  period  (perhaps  1 
second)  of  time  while  long-term  stability  is  a  measure  of 
oscillator  accuracy  measured  over  a  much  longer  period 
(usually  hours  or  days). 

Today  the  oscillators  or  frequency  standards 
available  commercially  fall  into  two  general  categories: 
quartz  devices  and  atomic  frequency  standards.  The  frequency 
produced  by  a  quartz  oscillator  is  the  result  of  vibrations 
originating  in  the  piezoelectric  nature  of  the  quartz  crystal 
itself.  The  frequency  of  an  atomic  standard  is  derived  from 
the  energy  transition  between  atomic  states  that  is  an 


intrinsic  characteristic  of  the  atom  involved.  Seme  Typical 
values  for  oscillator  and  frequency  standard  stability  are 
given  in  References  17  and  18. 

Atomic  frequency  standards  have  very  good  long-term 
stability  and  slightly  poorer  short-term  stability.  In 
contrast,  quartz  oscillators  have  very  good  short-term 
staoility  but  drift  in  frequency  over  the  long-term.  In 
further  contrast,  the  operating  frequencies  of  quarts  oscil¬ 
lators  range  in  value  from  0.1  to  100  MHz  while  the  atomic 
standards  resonate  at  much  higher  frequencies  in  the  range  of 
6.8  to  9.2  GHz,  and  quartz  oscillators  are  generally  smaller, 
lighter,  require  less  power  to  operate,  and  cost  much  less 
than  atomic  frequency  standards  [Ref.  17],  Therefore  we 
would  prefer  to  use  crystal  oscillators  if  at  all  possible. 

We  must  now  decide  what  degree  of  stability  is 
required  for  the  oscillators  in  our  network.  Once  this  is 
decided  we  will  be  in  a  position  to  determine  whether  or  net 
our  proposed  network  is  physically  and  economically  realizabl 
If  we  let  the  oscillator  frequency  be  ten  times  the 
chip  rate  then. 

Oscillator  Frequency  =  (10) (15  MHz)  =  150  MHz 

The  careful  reader  will  note  that  we  said  crystal  oscillators 
have  a  frequency  limit  of  100  MHz.  However,  recent  develop¬ 
ments  in  crystal  oscillator  technology  have  extended  the 


operating  range  to  300  MHz  for  "standard  type"  and  up  to  1  GHz 
for  "custom-designed  type"  oscillators  [Ref.  18]. 

Then  in  one  of  our  12  ms  frames  there  will  be 

Oscillations  per  Frame  =  (150  MHz) (0.012  sec) 

=  1.8  x  IQ6 

beats  of  our  oscillator  in  each  frame.  If  we  were  able  to 
resynchronize  our  oscilla-:or  once  each  frame,  then  we  would 
require  an  oscillator  with  a  short-term  stability  of  about 

Short-Term  Stability  ::  1/(1. 8  x  10^)  =  5.56  x  10  7 

or,  said  another  wav,  a  suability  of  about  six  beats  in  every 
1  x  IQ7  beats  of  the  oscillator.  Direct  extension  of  this 
result  leads  to  the  development  of  the  information  applicable 
to  our  network  presented  in  Table  I. 

Typical  crystal  oscillators  have  short-term  stability 
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of  about  1.5  x  10  over  0.01  seconds  and  1  x  10  over 

100  seconds  with  long-term  stabilities  on  the  order  of 
5  x  10~^  over  a  twenty-four  hour  period  [Ref.  17].  The  new 
"standard  type"  quartz  oscillators  offer  even  better  short¬ 
term  stabilities  of  1  x  10-10  to  1  x  Id”12  over  1  second 
[Ref.  18]. 

It  appears  as  though  our  network  would  require 
occasional  global  resynchronization  with  a  master  clock.  We 
would  prefer  to  perform  this  global  resynchronizaticn  as 
infrequently  as  Dossible  to  keep  the  network  management  and 


overhead  traffic  at  a  minimum.  The  method  by  which  global 
resynchronization  can  best  be  accomplished  has  not  been 
studied  as  a  part  of  this  thesis.  However,  it  seems 
reasonable  to  perform  this  function  during  and  in 
conjunction  with  the  best  path  update  cycles. 


TABLE  I 

Resynchronization 
_ Period _ 

0.012  sec 

0.120  sec 

1.200  sec 

12.00  sec 

120.0  sec 


Short-Term  Stability 

Re synchronization 
_ Rate _ 

Once  per  frame 

Once  per  10  frames 

Once  per  100  frames 

Once  per  1000  frames 

Once  per  10000  frames 


Requirements 

Short-Term 
Stability  Required 

5.56  x  10-7 

5.56  x  10-8 

5.56  x  10"9 

5.56  x  10_1° 

•  5.56  x  10-11 


Utilizing  a  conservative  crystal  oscillator  short¬ 
term  stability  estimate  of  1  x  10-19  and  interpolating  from 
Table  I  we  see  that  resynchronization  is  only  required  about 
once  every  six  seconds.  This  is  close  to  the  update  periods 


studied  in  later  sections  of  this  thesis.  Thus  is  it 
reasonable  to  conclude  that  timing  and  synchronization  should 
be  achievable  in  our  proposed  network  with  crystal  oscillator 


III.  A  PROPOSED  TDMA  TIME'  SLOT 
ASSIGNMENT  ALGORITHM 

A.  ASSUMPTIONS 

As  our  hypothetical  network  model  was  developed  and 
refined,  it  was  necessary  to  make  several  key  assumptions 
concerning  the  way  in  which  a  military  packet  radio  network 
might  someday  operate.  The  most  important  assumptions  are 
discussed  in  the  following  paragraphs. 

The  modeled  network  is  shown  in  Figure  1.  In  designing 
our  test  network  we  sought  to  devise  a  network  that  was  simple 
to  implement  and  large  enough  to  generate  the  dynamic  con¬ 
ditions  that  might  be  encountered  in  an  actual  packet  radio 
network.  The  test  network  contains  thirteen  nodes  and 
thirty  links,  and  can  be  called  "richly  connected".  The 
network  connectivity  was  assumed  to  be  static.  No  nodes  were 
permitted  to  join  or  leave  the  network  and  all  of  the  links 
were  assumed  to  remain  intact  fcr  the  duration  of  the 
simulation.  The  nodes  were  assumed  to  be  located  approxi¬ 
mately  3  kilometers  to  6  kilometers  apart.  Therefore 
propatation  delays  would  be  on  the  order  of  10  to  20 
microseconds  and  were  regarded  as  neligible. 

The  results  of  the  analysis  presented  earlier  in  this 
report  allowed  us  to  assume  that  timing  and  synchronization 


Figure  1  Test  Network 


could  be  achieved  in  our  network.  Additionally,  we  assumed 
that  the  noise  and  interference  characteristics  of  the 
channel  were  such  that  intelligible  voice  communications 
could  always  be  effected  (subject,  of  course,  to  link,  node 
and  slot  availability). 

Our  network  was  presumed  to  be  heterogeneous,  that  is, 
capable  of  accommodating  both  real-time  voice  messages  and 
data  traffic.  3ond ' s  work  [Ref.  3:  pp .  24-46]  included  an 
analysis  of  voice  and  data  traffic  requirements  based  on 
historical  data  of  a  Marine  Amphibious  Force  (MAF)  deployed 
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in  Vietnam.  He  used  this  data  and  the  information  contained 
in  a  recent  Marine  Corps  Tactical  Systems  Support  Activity 
(MCTSSA)  study  [Ref.  19]  to  conclude  that,  in  the  future, 
voice  radio  communications  within  a  MAE  will  be  "the  major 
contributor  to  network  loading".  Since:  we  decided  to  use 
virtual  circuits  for  voice  messages  anc.  the  store-and-forward 
technique  for  data  packets,  and  since  we  assumed  that  the 
volume  of  voice  traffic  would  greatly  exceed  the  total  amount 
of  data  traffic,  it  was  decided  ro  restrict  our  simulation  to 
studying  only  the  effects  of  using  virtual  circuits.  There¬ 
fore,  the  simulated  flow  of  data  packets  was  omitted  from 
our  study.  If  we  consider  that  data  packets  can  be  buffered 
in  queues  within  the  nodes  and  sent  when  channel  capacity  is 
available  (either  between  virtual  circuit  requirements  and/or 
in  the  interstices  between  talkspurts  of  an  established 
virtual  circuit),  then  it  is  reasonable  to  assume  that  our 
network  could  also  easily  process  a  relatively  light  load  of 
data  packets . 

All  links  were  assumed  to  be  bidirectional  and  both  halves 
of  a  conversation  were  carried  by  the  same  link  or  series  of 
links . 

Hobbs  work  [Ref.  5:  pp.  20-24]  included  a  study  of  the 
link  equations  for  a  prototype  tactical  packet  radio  network 
laid  out  in  central  Europe.  His  networks  have  characteristics 
and  features  that  are  similar  to  the  network  we  developed. 
Hobbs  concluded  that  for  a  typical  network,  with  the  packet 


radios  utilizing  omnidirectional  antennas,  it  is  possible  to 
establish  a  communications  network  with  enough  alternate 
routes  to  provide  reliable  operation  using  links  whose  loss 
(i.e.  attenuation)  does  not  exceed  approximately  141  dB. 

Hobbs  also  found  that  the  best  path  in  his  network  layout 
had  an  attenuation  of  81  dB.  Thus  it  is  reasonable  to  model 
our  network  with  link  losses  that  range  in  value  from 
approximately  81  dB  to  141  dB.  We  assigned  a  randomly 
selected  attenuation  in  this  range  to  each  of  the  thirty 
links  in  our  network.  These  link  attenuations  are  contained 
in  Appendix  A. 

We  now  postulate  several  basic  operating  rules  for  our 
packet  radio  network.  First,  a  node  may  either  transmit  or 
receive  in  a  slot  but  may  not  do  both  simultaneously,  because 
when  a  node  transmits,  the  transmitted  signal  effectively 
jams  any  signal  that  the  node  is  attempting  to  receive.  We 
also  assumed  that  each  node  was "listening"  for  inter-nodal 
service  messages  in  any  slot  in  which  it  was  not  transmitting 
Second,  since  CDMA  operation  was  assumed,  all  nodes  could 
receive  packets  from  more  than  one  neighbor  simultaneously. 
How  many  packets  could  be  received  at  once,  i.e.  the  "depth" 
to  which  the  nodes  could  "stack"  the  receive  signals,  was  a 
program  input  parameter. 

Finally,  in  order  to  make  the  simulation  more  manageable, 
we  assumed  all  of  the  nodes  in  the  network  had  instantaneous 
and  global  knowledge  of  all  link  and  node  weights  whenever 


a  best  path  update  was  performed.  This  is  an  admitted 
artificiality,  because  in  any  actual  packet  radio  netvcrK 
that  utilizes  dynamic  routing  there  would  have  to  be  some 
type  of  update  or  network  management  protocol  in  operation 
to  modify  weights  and  generate  and  process  update  messages. 

It  was  beyond  the  scope  of  this  thesis  to  devise  or  test 
an  update  scheme. 

It  is  worth  noting,  however,  that  the  ARPANET,  a  packet 
network  designed  and  managed  by  the  Defense  Advanced  Research 
Projects  Agency  (DARPA)  of  the  DOD,  utilizes  a  dynamic 
routing  update  protocol  that  has  produced  very  good  results 
[Ref.  20:  pp.  226-231].  The  topic  of  passing  routing 
information  in  a  distributed  packet  radio  network  is  a 
subject  of  current  research. 

B.  THE  DIJKSTRA  SHORTEST  PATH  ALGORITHM 

Determination  of  the  "shortest  path"  between  any  pair  of 
nodes  in  a  weighted  graph  is  a  classic  problem  that  has,  teen 
studied  by  mathematicians  and  graph  theorists.  As  previously 
mentioned,  this  problem  is  directly  applicable  to 
communications  networks. 

Many  algorithms  have  been  developed  to  find  the  minimum 
weight  path  connecting  a  pair  of  specified  nodes.  The 
Bibliography  of  this  report  lists  several  textbooks  that 
discuss  the  most  popular  shortest  path  algorithms. 


The  algorithms  are  usually  very  easy  to  implement  on  a 
computer.  However,  depending  on  the  size,  connectivity,  and 
traffic  flow  constraints  of  the  network,  some  of  the  algorithms 
may  require  very  long  computer  execution  times.  Therefore 
several  "heuristic"  algorithms  have  also  been  developed. 

These  algorithms  generally  provide  sub-optimum  solutions  with 
much  less  computational  effort. 

Research  by  Gallager  [Ref.  21]  has  proven  that  the  paths 
in  a  minimum  distance  (optimum)  solution,  for  a  network  with 
link  weights  greater1  than  zero,  is  loop  free.  Although  any 
optimum  solution  must  be  loop  free,  not  every  loop  free 
solution  is  optimum.  Therefore  we  sought  an  algorithm  that 
was  computationally  easy  and  that  would  yield  an  optimum 
solution,  thus  providing  efficient  operation  and  loop  free 
path  assignments. 

We  selected  an  algorithm  first  described  by  Dijkstra 
[Ref.  22]  for  implementation  on  our  network.  The  Dijkstra 
algorithm  is  basically  a  "tree  growing"  procedure  wherein  we 
substitute  links,  as  required,  into  paths  from  every  node  to 
every  other  node  on  successive  iterations  of  the  algorithm. 

Each  node  must  know  the  network  topology  and  all  of  the  link 
distances.  The  algorithm  iterates  until  all  of  the  minimum 
distance  paths  have  been  identified,  that  is,  until  we  make 
a  pass  through  the  algorithm  without  making  a  change  to  the 
entries  in  the  cumulative  "distance"  and  "best  path  neighbor" 
routing  tables. 


If  we  let  d .  represent  the  distance  from  node  i  to  node 

1  j 

j,  then  the  actual  operation  of  Dijkstra  algorithm  can  be 
described  as  the  successive  calculation  of 

d^j  =  min[d^j  or  min(d^  +  d^ . )  ] 

k 

for  each  pair  of  nodes  in  the  network. 

The  actual  operation  of  the  Dijkstra  algorithm  is  best 
explained  by  example.  Given  the  small  network  and  initial 
distance  and  best  path  neighbor  routing  table  in  Figure  2, 
we  shall  demonstrate  how  the  Dijkstra  algorithm  can  be  used 
to  obtain  the  best  path  neighbor  assignments.  Modes  may  be 
numbered  or  lettered.  Here  they  are  lettered  to  avoid 
confusion  with  the  link  distances. 

The  network  of  Figure  2  has  five  nodes  lettered  A  through 
E  and  seven  bidirectional  links.  The  number  beside  each  link 
represents  the  "distance"  of  that  link.  As  discussed  earlier, 
the  link  distance  is  not  necessarily  the  physical  distance 
between  the  nodes  but  rather  is  any  positive  number 
representing  the  cost  of  using  that  link.  Although  the 
algorithm  may  be  used  to  find  the  minimum  distance  paths  in 
networks  with  unidirectional,  bidirectional,  or  a  combination 
of  unidirectional  and  bidirectional  links  having  different 
link  distances,  we  have  for  simplicity  in  our  example  assigned 
one  distance  for  each  link.  That  is  to  say,  the  distance 
between  any  pair  of  nodes  on  a  direct  link  is  the  same  in 
either  direction. 


'  i ' .  i  .  •  1  u » 1  i  i  .  "^  -v  • -: 


Beginning  with  node  A,  observe  that  a  direct  link  exists 
with  node  B  and  that  the  distance  from  node  A  to  node  3  is  7. 

We  shall  follow  the  notation  A/B/7  (used  by  Lengerich  [Ref.  8]) 
as  a  convenient  means  of  describing  the  path  and  its  dis¬ 
tance.  According  to  the  algorithm,  we  next  examine  every 
other  path  from  node  A  to  node  B  to  determine  if  a  channel 
value  less  than  7  can  be  found.  First  consider  the  oath 
A/C/3  +  C/B/00  which  represents  the  two  hop  path  A/C/B/°» 
from  node  A  to  node  C  and  then  from  node  C  to  node  B.  Since 
the  path  from  node  C  to  node  B  has  not  yet  been  determined, 
the  weight  of  this  two  hop  path  is  infinite.  The  A/C/B/00 
path  therefore  is  rejected  and  no  changes  are  made  to  the 
best  path  or  distance  tables.  Next  the  A/D/°°  +  D/B/°°  = 

A/D/B/00  path  is  considered  and  subsequently  rejected 
because  it  also  has  an  infinite  distance.  Finally  the 
A/E/4  +  E/3/1  =  A/E/B/5  path  is  examined  and  adopted  as  the 
tentative  new  best  path  from  node  A  to  node  B  because  the 
new  resultant  cumulative  distance  of  5  is  less  than  the  direct 
path  distance  of  7.  The  best  path  and  distance  tables  must 
now  be  modified  to  reflect  that  node  A’s  best  path  neighbor 
to  node  3  is  node  E,  and  that  the  total  path  distance  via 
node  E  is  5 . 

Next  we  look  for  cumulative  distance  oaths  from  node  A  to 
node  C  which  are  lower  than  the  direct  link  A/C/3.  We 
consider  the  paths  A/3/6  +  B/C/00  =  A/3/C/°°,  A/D/°°  +  D/C/4  - 
A/D/C/oo,  and  A/E/4  +  E/C/6  =  A/E/C/10  and  reject  all  of  these 
paths . 
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Next  we  seek  a  tentative  best  Dath  from  node  A  to  node  D. 


There  is  no  direct  link  between  these  nodes  so  the  A/D/00  path 
initially  has  an  infinite  distance.  We  consider  the  path 
A/B/6  +  B/D/°°  =  A/B/D/°°  and  reject  this  path  because  if  its 
infinite  total  distance.  The  A/C/3  +  C/D/4  =  A/C/D/7  is  next 
studied  and  adopted  as  the  new  tentative  best  path  with  the 
tables  modified  accordingly.  Therefore  we  are  now  looking 
for  a  path  with  a  cumulative  distance  less  than  7.  The  next 
path  we  consider,  A/E/4  +  E/D/1  -  A/E/D/ 5  with  a  cumulative 
distance  of  5  is  just  such  a  path  and  is  therefore  adopted  as 
the  new  best  path  from  node  A  to  node  D,  and  the  table  entries 
for  A  to  D  are  modified  to  show  that  node  E  is  the  best  path 
neighbor  and  that  the  distance  of  this  path  is  5. 

The  procedure  outlined  above  is  continued  and  at  the  end 
of  the  first  pass  through  the  tables  the  best  path  neighbors 
and  distances  are  as  shown  in  Figure  3. 


Figure  3  Dijkstra  Algorithm  Example  Table 
Values  After  the  First  Pass 


Since  changes  were  made  to  the  tables  during  the  first 
pass,  we  must  now  make  a  second  pass  through  the  tables  to 
see  if  the  changes  made  during  the  first  path  will  permit 
still  better  path  assignments.  We  make  two  changes  during 
the  second  pass  through  the  distance  table,  both  associated 
with  the  path  between  nodes  B  and  C. 

During  the  second  pass  there  are  no  changes  until  we  seek 
a  path  from  node  B  to  node  C  with  a  cumulative  distance  less 
than  the  value  of  7  (via  node  E)  obtained  on  the  first  pass. 
The  path  B/D/2  +  D/C/4  is  really  the  path  (B/E/l  +  E/D/1)  + 
D/C/4  =  (B/E/D/2)  +  D/C/4  =  3/E/D/C/6,  which  is  a  three  hop 
path  where  the  path  shown  in  parentheses  is  a  two  hop  path 
identified  during  the  first  pass.  The  distance  of  6 
corresponding  to  the  newly  identified  three  top  path  is  less 
than  the  distance  value  7  obtained  earlier,  so  we  modify  the 
distance  table  accordingly.  Note  however  that  node  BTs  best 
path  neighbor  assignment  is  still  node  E. 

Later  during  the  second  pass  we  discover  a  similar  change 
to  the  path  from  node  C  to  node  3.  Considering  the  path 
C/D/4  +  D/B/2,  which  is  really  the  path  C/D/4  +  (D/E/1  + 
E/3/1)  =  C/D/4  +  (D/E/B/2)  =  C/D/E/3/6  (where  once  again  the 
path  in  parentheses  is  the  two  hop  path  identified  during  the 
first  pass),  we  obtain  a  lower  three  hop  path  distance  of 
value  7.  Mow,  however,  we  must  modify  both  the  best  path 
neighbor  and  distance  matrices  because  C’s  best  oath  neighbor 
has  changes  from  node  E  to  node  D. 
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There  are  no  more  changes  during  the  second  pass,  and 
after  the  second  pass  the  best  path  neighbor  and  distance 
tables  are  as  shown  in  Figure  4. 


Best  Path  Neighbor 

\To 


Distance 


Figure  4  Dijkstra  Algorithm  Example  Table 
Values  After  the  Second  Pass 

Since  there  were  changes  during  the  second  pass,  a  third 
pass  through  the  tables  is  now  required.  We  make  no  more 
changes  during  the  third  pass,  so  the  algorithm  terminates  and 
we  adopt  as  final  the  best  path  neighbor  assignments  contained 
in  Figure  4. 

Each  node  now  need  only  know  which  neighboring  node  is 


its  best  path  neighbor  to  every  other  node.  In  our  network 
implementation  we  continue  to  route  each  existing  virtual 
circuit  to  the  best  path  neighbor  (i.e.  over  the  same  path) 


that  existed  when  the  virtual  circuit  was  established. 

However  any  new  virtual  circuits  and  all  data  packet  are  now 
sent  according  to  the  updated  best  path  neighbor  assignments 
until  such  time  as  the  Dijkstra  algorithm  is  again  invoked. 
Depending  on  the  network  topology,  node  mobility,  and  the 
function  used  to  determine  link  distances,  the  shortest 
paths  will  change  over  time. 

The  routing  information  and  assignments  produced  by  the 
periodic  execution  of  the  Dijkstra  algorithm  as  described 
above  actually  provides  for  "quasi-static",  rather  than 
truly  "dynamic",  routing  because  the  best  path  neighbor 
assignments  are  held  constant  between  updates.  The  link 
distances  may  change  several  times  between  updates  and 
therefore  truly  dynamic  routing  would  require  that  an  update 
be  performed  each  time  a  link  distance  is  changed,  which  is 
clearly  impractical  in  a  network  with  more  than  a  few  nodes 
or  in  any  network  where  the  traffic  volume  and  flow  changes 
rapidly.  If  the  period  of  time  between  updates  is  relatively 
short  (perhaps  on  the  order  of  1  to  5  seconds)  with  respect 
to  anticipated  significant  changes  to  the  link  distances, 
then  it  is  reasonable  to  expect  that  quasi-static  routing 
should  perform  nearly  as  well  as  truly  dynamic  routing.  It 
is  not  uncommon  to  find  quasi-static  routing  referred  to  as 
dynamic  routing  in  the  literature. 


C.  THE  PROPOSED  TIME  SLOT  ASSIGNMENT  ALGORITHM 


1 .  Design  Goals 

We  are  now  ready  to  discuss  the  rime  slot  assignment 
algorithm  we  have  developed  for  a  military  packet  radio 
network.  Our  design  objectives  are  discussed  briefly  in  the 
next  several  paragraphs . . 

We  sought  to  devise  a  scheme  that  would  use  CDMA  to 
allow  two  or  more  received  signals  to  be  ’’stacked"  and 
simultaneously  recieved  in  one  time  slot,  thereby  conserving 
empty  slots  (and  channel  capacity)  and  allowing  greater 
throughput  under  conditions  of  heavy  network  loading. 

Additionally,  we  sought  a  slot  assignment  scheme 
which  would  distribute  the  transmit  signals  across  all  slots 
of  a  frame  as  uniformly  as  possible  over  the  network  as  a 
whole.  This  should  maintain  the  overall  radiated  energy  of 
the  network  at  a  relatively  constant  level  over  any  frame 
(or  short  series  of  frames)  and  should  also  help  to  minimize 
the  amount  of  mutual  interference. 

The  use  of  a  dedicated  "service  slot"  to  carry  net¬ 
work  management  and  virtual  circuit  coordination  traffic  was 
considered  initially  but  later  rejected  as  an  inefficient 
allocation  of  channel  capacity.  We  decided  to  design  the 
algorithm  in  such  a  manner  that  inter-nodal  communications 
coordination  traffic  is  passed  in  any  of  the  available  slots. 

A  desirable  algorithm  should  attempt  to  service  all 
offered  voice  traffic,  and  the  simulation  program  should  take 


into  account  and  realistically  model  the  delays  encountered 
in  an  actual  packet  radio  network.  Although  propagation 
delays  were  considered  to  be  negligible,  other  time  delays 
sush  as  the  time  to  process  a  packet  and  the  time  a  processed 
packet  must  wait  until  being  retransmitted  were  modeled  in 
the  simulation  program. 

Finally,  we  desired  a  slot  selection  algorithm  that 
was  easy  to  implement  and  compatible  with  the  Dijkstra  dynamic 
routing  algorithm.  This  was  not  a  problem.  Our  proposed 
time  slot  assignment  algorithm  should  work  well  with  any 
dynamic  routing  scheme  and  will  detect  looping  and 
backtracking  caused  by  changes  to  the  best  path  neighbor 
assignments  during  the  construction  of  virtual  circuits. 

2.  The  Algorithm  Explained 


The  basic  premise  of  our  time  slot  assignment 
algorithm  is  that  the  nodes  should  seek  to  conserve  their 
urassigned  slots  by  stacking  the  received  signals  whenever 
possible  to  some  maximum  depth  in  a  minimum  of  slots.  The 
stacking  depth  is  a  simulation  program  input  parameter, 
however  we  require  that  all  nodes  always  be  able  to  receive 
one  signal  more  than  the  assigned  stacking  depth.  This 
requirement  is  necessitated  by  the  fact  that  we  have  assumed 
that  a  node  may  always  receive  a  communications  coordination 
message  from  a  neighbor  in  any  slot  in  which  it  is  not 
already  transmitting. 


Since  every  node  is  "listening"  to  its  neighbors  in 
any  slot  in  which  it  is  not  already  transmitting,  a  node  may 
know  a  lot  about  its  neighboring  nodes*  transmit  slot 
assignments.  It  will  not,  however,  know  which  slot  or  slots 
a  neighbor  is  already  using  to  receive.  Therefore  cur 
algorithm  uses  brief  single  packet  messages  to  coordinate 
assignment  of  the  time  slots.  We  let  the  node  that  is  being 
called  select  and  assign  the  slot  in  which  it  will  receive 
a  virtual  circuit.  A  node  makes  a  receive  slot  assignment 
based  on  the  information  in  the  calling  node's  coorcination 
message  and  a  knowledge  of  its  present  slot  assignments.  The 
requirement  for  neighbor  nodes  to  exchange  ccmmunica.t ions 
coordination  messages  is  the  reason  for  our  earlier 
requirement  that  all  links  be  bidirectional. 

As  with  the  Dijkstra  algorithm  already  discussed,  it 
is  easiest  to  explain  our  time  slot  assignment  algorithm  with 
an  example.  We  assume  that  our  network  is  composed  of  five 
numbered  nodes  with  the  best  path  neighbor  information  and 
slot  assignments  as  shown  in  Figure  5.  Note  chat  this 
example  network  uses  four  slots  per  frame  rather-  than  the 
twelve  slots  per  frame  scheme  which  was  actually  studied. 
However,  four  slots  per  frame  is  sufficient  to  demonstrate 
the  operation  of  the  algorithm. 

We  shall  assume  that  the  best  path  neighbor  assignments 
will  remain  as  shown  in  Figure  5  for  the  duration  of  the 
simulation  and  that  we  seek  to  stack  the  receive  signals 


three  deep  (i.e.  receive  up  to  three  signals  simultaneously) 
when  possible.  We  have  adopted  the  notation  T-3  and  R-3 
to  signify  that  a  slot  is  used  to  transmit  to  node  3  or  to 
receive  from  node  3  respectively. 

Before  we  start  our  example  we  see  from  the  Time  Slot 
Assignment:  Tables  in  Figure  5  that  there  is  already  a  single 
hop  virtual  circuit  established  and  actively  carrying  voice 
traffic  between  nodes  2  and  5.  Node  2  is  transmitting  to  node 
5  in  slot  4  and  receiving  from  node  5  in  slot  2.  Similarly, 
node  5  is  transmitting  to  node  2  in  slot  2  and  receiving 
from  node  2  in  slot  4. 

We  now  begin  the  example  by  assuming  that  we  are  late 
in  slot  1  when  a  caller  at  node  1  dials  or  somehow  identifies 
a  requirement  to  speak  with  someone  at  node  3.  The  packet 
radio  that  is  node  1  recognizes  the  requirement  for  a  virtual 
circuit  and  consults  its  best  path  neighbor  table.  Node  1 
finds  that  its  best  path  neighbor  for  all  traffic  destined 
for  node  3  is  node  5,  and  prepares  an  "initial  request  for 
service"  (IRFS)  message  for  transmission  to  node  5,  but  by 
now  the  whole  network  has  just  entered  slot  2.  Node  1  has 
been  listening  and  knows  that  node  2  transmits  in  slot  4  and 
that  node  5  (the  node  with  which  it  must  now  communicate)  is 
transmitting  in  slot  2.  Since  our  rules  prohibit  a  node  from 
simultaneously  transmitting  and  receiving,  node  1  must  wait 
and  transmit  the  IRFS  to  node  5  in  slot  3. 
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Node  5  receives  node  I’s  single  packet  IRFS  message 
in  slot  3,  consults  its  time  slot  assignment  table,  and  sees 
that  its  slots  would  best  be  conserved  if  it  could  receive 
node  I’s  transmissions  in  slot  4  (i.e.  in  the  slot  already 
used  to  receive  transmissions  from  node  2).  Node  1's  IRFS 
included  information  concerning  its  present  slot  assignments, 
so  node  5  knows  that  node  1  is  able  to  transmit  in  slot  4. 
Therefore  node  5  assigns  slot  4  as  the  slot  in  which  node  1 
will  transmit  and  node  5  will  receive.  Node  5  now  prepares 
a  ’’response  request  for  service"  (RRFS)  message  for  trans¬ 
mission  back  to  node  1,  but  because  of  the  time  required  to 
process  the  IRFS  the  network  is  in  slot  4  and  node  5  must 
wait  until  slot  1  of  the  next  frame  to  send  its  RRFS  back 
to  node  1 . 

Node  1  receives  node  5’s  RRFS  in  slot  1  and  sees  that 
it  has  been  directed  by  node  5  to  transmit  in  slot  4.  Node  1 
will  now  record  this  slot  assignment  and  then,  with  the  help 
of  the  slot  assignment  information  provided  in  the  RRFS, 
select  a  slot  in  which  it  will  receive  from  node  5.  Since 
node  1  has  no  ether  receive  slots  assigned  but  knows  from 
the  RRFS  that  node  5  is  already  transmitting  in  slot  2,  node  1 
may  select  either  slot  1  or  3  for  use  in  receiving  from  node 
5.  We  shall  assume  that  node  1  selects  slot  3  as  the  receive 
slot.  Node  1  records  this  assignment  in  its  time  slot 
assignment  table  and  prepared  a  "final  assignment  notice" 

(FAN)  message  for  transmission  to  node  5.  The  time  required 
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to  process  the  RRFS,  select  a  receive  slot,  and  produce  the 
FAN  message  means  that  the  network  is  now  in  slot  2.  'lode  1 
now  identifies  the  next  slot  which  it  may  use  to  send  the  FAN 
to  node  5.  As  with  the  IRFS  this  is  slot  3.  Note  that 
node  1  could  use  its  assigned  transmit  slot  (slot  4)  to  carry 
the  FAN  if  there  were  no  available  slots  occurring  earlier. 

Node  5  receives  node  l*s  FAN  in  slot  3  and  records 
that  node  1  has  directed  it  to  transmit  in  slot  3.  The  time 
slot  assignment  tables  for  nodes  1  and  5  now  appear  as  shown, 
in  Figure  6.  The  nodes  have  now  constructed  one  hop  of  the 
virtual  circuit.  Node  5  now  starts  building  the  next  hop  of 
the  circuit. 
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Figure  6  Time  Slot  Assignment  Algorithm  Example  - 
Time  Slot  Assignments  for  Nodes  1  and  5 


Node  5  knows  that  the  virtual  circuit  addressee  is 


node  3,  so  node  5  checks  its  best  path  neighbor  table  and 
sees  that  its  best  pach  neighbor  to  node  3  is  node  3.  The 
network  is  well  into  slot  4  by  the  time  node  5  prepares  an 
IRFS  for  transmission  to  node  3.  Therefore  node  5  waits 
until  slot  1  (its  nearest  and  only  remaining  unassigned  slot) 
of  the  next  frame  to  transmit  its  IRFS.  Mode  5  has  been 
listening  in  slot  1  and  knows  that  node  3  is  not  transmitting 
in  this  slot. 

Node  3  receives  and  processes  node  5’s  IRFS  and 
determines  that  it  must  tell  node  5  to  transmit  in  slot  1 
since  this  is  node  5’s  only  remaining  free  slot.  Fortunately 
node  3's  slot  1  is  not:  already  assigned  as  a  transmit  slot, 
nor  is  it  receiving  a  maximum  number  of  receive  signals,  or 
else  our  circuit  requirement  would  have  had  to  be  rebuffed 
and  the  slot  assignments  associated  with  the  first  hop 
removed  from  the.  slot  assignment  tables  at  nodes  1  and  5. 

Node  3  records  that  it  will  receive  from  node  5  in 
slot  1  and  prepares  an  RRFS  for  transmission  in  the  next 
mutually  available  slot,  which  node  3  identifies  as  slot  4. 

3v  now  the  network  is  in  slot  2  so  node  3  must  wait  until 
the  start  of  slot  4  to  send  its  RRFS. 

Node  5  receives  the  RRFS  from  node  3  in  slot  4, 
records  that  it  will  transmit  to  node  3  in  s  >ot  1,  and  after 
application  of  the  time  slot  assignment  algorithm  decides 
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that  it  must  receive  from  node  3  in  slot  4.  Node  5  now- 
records  this  decision  and  also  makes  appropriate  strap-over 
records,  both  for  the  purpose  of  effecting  automatic 
retransmission  of  the  traffic  on  this  virtual  circuit  and 
also  to  facilitate  the  orderly  and  efficient  breakdown  of 
this  circuit  at  a  later  date.  Node  5  records  that  all 
traffic  received  from  node  1  in  slot  4  should  automatically 
be  retransmitted  to  node  3  in  slot  1.  Similarly,  the 
traffic  received  from  node  3  in  slot  4  should  be  retransmitted 
to  node  1  in  slot  3 . 

The  network  is  in  slot  1  by  the  time  node  5  completes 
all  of  the  processing  outlined  above  and  drafts  a  FAN  for 
transmission  to  node  3.  Therefore  node  5  must  wait  until 
slot  1  of  the  next  frame  to  pass  its  FAN  to  node  3. 

Node  3  receives  node  5’s  FAN  and  records  that  it  has 
been  directed  by  node  5  to  transmit  in  slot  4.  The  time  slot 
assignment  tables  for  nodes  1 ,  3,  and  5  row  appear  as  shown  in 
Figure  7.  Node  3  recognises  that  it  is  the  addressee  for  this 
circuit  and  sends  a  ring  signal  (or  some  other  indication  that 
an  incoming  call  has  been  received)  to  a  local  subscriber  or 
switchboard.  Node  3  should  also  send  a  service  message  back 
to  the  originator  over  the  circuit  just  established  to  let 
the  calling  party  know  that  the  virtual  circuit  has  been 
constructed . 

The  virtual  circuit  between  nodes  1  and  3  has  now  been 
established.  Note  that  node  5  is  saturated.  It  has  no 
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Figure  7  Time  Slot  Assignment  Algorithm  Example  - 
Final  Time  Slot  Assignments  for  Nodes  1, 
3 ,  and  5 


unassigned  slots  and  is  receiving  a  maximum  of  three  signals 
in  its  one  receive  slot.  Assuming  that  there  are  no  changes 
to  the  network  between  now  and  the  next  best  path  update 
cycle,  the  calculation  of  the  distances  for  node  5's  direct 
links  should  yield  large  values  of  distance,  so  that  the  new 
best  paths  are  selected  in  such  a  way  that  future  circuit 
requirements  not  originated  at  or  addressed  to  node  5  are  routed 
over  the  three  links  connecting  nodes  1  and  2,  2  and  3,  and 


3  and  4.  Node  5  should  be  avoided  since  all  calls  to  node 
5  will  be  rebuffed  until  one  or  both  of  the  virtual  circuits 
presently  active  at  node  5  are  disestablished. 

It  should  now  be  clear  to  the  reader  that  increasing 
the  number  of  time  slots  per  frame  or  increasing  the  maximum 
allowable  receive  signal  stacking  depth  can  have  a  signifi¬ 
cant  impact  on  the  overall  message  throughput.  Equally 
obvious  is  the  fact  that,  according  to  our  rules,  no  node 
will  ever  be  able  to  stack  receive  signals  to  a  depth  greater 
than  the  number  of  nodes  it  claims  as  neighbors. 


IV.  THE  COMPUTER  SIMULATION  PROGRAM 

A.  COMPUTER  LANGUAGE  AND  RESOURCES 
The  simulation  program  was  written  in  the  SIMSCRIPT  II. 5 

programming  language.  The  SIMSCRIPT  language  is  versatile  and 
has  many  features  that  make  it  well  suited  for  discrete-event 
simulations.  The  language  is  relatively  easy  to  use  and 
SIMSCRIPT  programs  are  (with  a  liotle  practice)  easy  to  read 
because  the  program  statements  are  written  in  an  approximation 
to  simple  English.  The  read  and  write  statements  may  be 
"free-form"  or  formatted,  and  errors  produce  excellent 
diagnostic  messages. 

The  simulation  program  was  executed  on  the  NPS  I3M  3033 
computer,  running  SIMSCRIPT  II. 5  version  9.0. 

B.  PACKET  RADIO  NETWORK  SIMULATION  PROGRAM 

The  simulation  program  has  a  modular  design.  In  addition 
to  the  "preamble"  and  "main"  program,  there  are  nine  "events" 
and  eight  "routines".  SIMSCRIPT  routines  are  basically  the 
same  as  subroutines  in  other  programming  languages.  Each 
routine  performs  a  specific  function  and  may  be  called  by  the 
main  program,  other  routines,  or  any  event  anytime  during  the 
simulation.  Events  differ  from  routines  in  that  events  are 
"scheduled"  rather  than  called.  The  main  program  and  any 


event  or  routine  may  schedule  any  event  to  occur  at  the 


present  time  or  some  future  point  in  time.  (References  to 
time  in  this  section  of  the  report  refer  to  the  modeled 
simulation  time  maintained  by  the  computer's  simulation 
clock  during  program  execution.) 

Copies  of  the  simulation  program  and  a  sample  data  set 
are  appended  to  this  thesis.  The  program  contains  ample 
comments  and  each  event  and  routine  carries  a  header  of 
comments  to  help  explain  its  purpose  and  function . 

1 .  Distance  Calculations 

A  distance  (i.e.  cost)  function  is  used  to  calculate 
the  link  distances,  which  are  then  used  by  the  routing 
algorithm  to  determine  the  best  paths.  The  distance  func¬ 
tion  may  consider  path  attenuation,  link  and  node  congestion, 
packet  delay  time,  queue  length,  etc.  The  distance  function 
will  normally  consider  and  attempt  to  interrelate  several 
of  these  parameters  in  order  to  produce  distances  which, 
when  operated  on  by  the  dynamic  routing  protocol,  produce 
desirable  path  assignments. 

Kuo  [Ref.  12:  d.  163]  states  that:  "There  is  no 
universally  optimal  routing  strategy".  If  delay  is  important 
in  a  particular  network,  then  the  distance  function  should 
produce  weights  that  assure  route  selections  which  avoid 
pockets  of  local  congestion.  If  the  amount  of  radiated  energy 
is  important,  then  the  distance  function  should  produce 
weights  which  will  yield  least-energy  routing. 


We  think  of  adaptive  routing  as  a  congestion  avoidance 


mechanism.  However,  Kuo  [Ref.  12:  p.  20]  also  points  out 
that  this  is  only  true  if  the  congestion  is  local.  If  the 
congestion  is  a  symptom  of  excessive  traffic  entering  the 
entire  network,  then  dynamic  routing  just  serves  to  spread 
the  congestion.  Networks  use  flow  control  procedures  to 
regulate  the  amount  of  traffic  entering  The  communications 
network.  Flow  control  procedures  are  not  discussed  in  this 
thesis . 

The  distance  function  in  cur  simulation  is  composed 
of  two  principal  computations,  that  is,  each  complete  "link 
distance"  is  obtained  by  adding  a  "node  weight"  and  a  "link 
weight"  . 

The  link  weight  is  solely  a  function  of  the  link 
attenuation.  As  previously  mentioned,  each  of  the  thirty 
links  was  assigned  an  attenuation  between  81  dB  and  141  dB. 

The  program  assigned  each  link  attenuation  to  one  of  128 
"link  weight  bins".  The  links  were  assigned  to  the  bins 
according  to  a  geometric  distribution.  The  lowest  attenuation 
link  was  assigned  to  bin  number  1,  wnile  the  highest 
attenuation  link  was  assigned  to  bin  number  128.  The 
remaining  links  were  interspersed  in  the  other  bins.  The 
attenuation  bin  assignments  are  contained  in  the  appended 
Sample  Input  Data. 

The  link  weight  is  obtained  by  identifying  which 
bin  the  link  is  in.  We  use  the  link's  bin  number  as  its  link 
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weight.  For  example,  the  link  in  bin  number  60  has  a  link 
weight  of  60.  Thus,  the  link  weights  range  in  value  from 
1  to  128,  with  the  majority  of  links  assigned  to  the  lower 
numbered  bins  because  of  the  geometric  link  distribution. 

The  "node  weight"  is  more  difficult  to  obtain.  It 
is  primarily  a  function  of  how  busy  the  nodes  at  each  end  of 
the  link  are.  Each  node  compares  the  number  of  its  slots  in 
current  use  with  that  of  its  neighbors.  The  busier  of  the 
two  nodes  on  each  link  sets  the  node  weight  for  that  link. 

The  detailed  method  used  to  determine  the  degree  of 
node  activity  is  presented  in  the  "Compute  Current  Distances" 
routine  of  the  appended  simulation  program.  Once  obtained, 
the  level  of  node  activity  for  each  link  is  scaled  linearly 
to  fall  in  one  of  128  "node  weight  bins".  A  pair  of  neighbor 
nodes  which  have  no  slot  assignments  (i.e.  zero  activity) 
will  identify  with  bin  number  1,  while  if  one  or  both 
neighbors  are  saturated  (as  explained  earlier)  then  the  link 
between  this  pair  of  nodes  identifies  with  node  weight  bin 
number  128. 

Once  a  node  weight  bin  is  identified  the  actual  node 
weight  contained  in  that  bin  is  added  to  the  link  weight  to 
produce  the  total  overall  link  distance  which  is  then  used 
by  the  Dijkstra  dynamic  routing  event. 

The  node  weight  bin  values  may  range  in  value  from 
0  in  bin  number  1  to  1024  in  bin  number  128.  These  bin  value 


parameters.  The  first  coordinate  identifies  the  bin  and  the 
second  coordinate  identifies  the  bin  value  at  which  the  incre¬ 
ment  between  adjacent  bins  changes.  The  use  of  the  break 
point  allows  us  to  encourage  the  use  of  low  activity  nodes, 
and  to  discourage  the  use  of  nodes  approaching  saturation  by 
assigning  correspondingly  low  or  high  node  weights. 

Mote  that  the  bin  values  are  actually  assigned  in 
monotonically  increasing  descrete  increments.  For  example, 
use  of  the  (96,256)  break  point  results  in  an  increment  of 
2.67  between  each  adjacent  bin  over  bins  1  to  96.  Bin  96  has 
a  value  of  256.  The  value  of  each  successive  bin  is  then 
incremented  by  24.0  units  of  weight.  Bin  128  has  a  value  of 
1024  . 

2 .  Program  Parameters 

The  program  was  run  using  more  than  one  hundred 
combinations  of  parameters. 

All  simulations  were  made  with  the  same  random  number 
generator  seed  numbers.  Therefore  all  simulations  attempted 
to  build  the  same  virtual  circuits,  in  the  same  order,  and 
with  the  same  time  delay  between  circuit  requirements. 

The  link  weights  were  the  same  and  constant  for  all 
simulations.  However  the  node  weights  varied  between 
simulations,  depending  on  the  break  point  used. 

All  simulations  were  run  for  300  seconds  of  simulation 
time.  There  were  no  circuits  in  effect  when  each  simulation 
began,  and  we  observed  that  our  network  could  accommodate 
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approximately  twenty  circuits  when  the  mean  call  duration  was 
10  seconds.  By  3  0  seconds  into  the  simulation  the.  network 
had  attempted  to  establish  approximately  sixty  circuits  and 
had  performed  between  six  and  fifteen  best  path  update 
calculations.  Accordingly,  we  presumed  that  the  network 
reached  its  statistical  steady-state  operating  condition  by 
30  seconds  into  the  simulation.  At  this  point  in  each 
simulation  the  appropriate  counters  were  therefore  re¬ 
initialized  to  remove  the  effect  of  the  start  up  transient 
from  the  overall  simulation  statistics. 

All  time  slots  were  1  millisecond  long  and  inter¬ 
mediate  results  were  printed  every  15  seconds.  A  much  larger 
and  more  complete  report  was  printed  at  the  end  of  eaeh 
simulation. 

New  virtual  circuit  requirements  were  generated 
according  to  an  exponential  distribution  function  with  a  mean 
value  of  0.5  seconds.  The  simulation  was  300  seconds  long, 
and  we  observed  that  590  virtual  circuits  were  attempted 
during  each  simulation. 

Virtual  circuits,  once  established,  remained  in 
effect  for  a  time  duration  also  selected  from  an  exponential 
distribution  function.  The  mean  value  of  this  function  was 
an  input  parameter.  Three  values  were  studied:  2,  5,  and 
10  seconds. 

Three  dynamic  routing  update  periods  were  also  studied 
This  parameter  was  assigned  a  value  oj  ,  3,  or  5  seconds. 


The  receive  signal  stacking  depth  was  assigned  value 


between  one  and  four. 

Finally,  three  node  weight  break  points  were  studied 
These  points  were  (96,64),  (96,128),  and  (95,256). 
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V.  CONCLUSIONS  AND  RECOMMENDATIONS 

For  further  study 

A.  GENERAL 

The  time  slot  assignment  algorithm  was  simulated  both  on 
a  network  employing  dynamic  (i.e.  quasi-static)  routing  and 
on  a  network  with  static  best  path  routing  (that  is,  or:  a 
network  where  the  best  path  neighbor  assignments  were  held 
constant  for  the  duration  of  the  simulation) .  The  static 
best  path  assignments  were  assigned  manually  and  followed  a 
least-hop  routing  strategy.  All  simulations,  both  static 
and  dynamic,  were  made  on  the  richly  connected  symmetric 
network  presented  earlier  in  Figure  1.  It  was  not  too 
difficult,  due  to  the  geometry  of  the  network,  to  manually 
produce  a  static  best  path  neighbor  matrix  which  distributed 
the  link  and  node  usage  approximately  evenly  over  the  network. 
The  static  best  path  neighbor  assignments  are  contained  in 
Appendix  3.  Virtual  circuits  built  using  static  best  path 
assignments  were  never  longer  than  three  hops,  while  some 
virtual  circuits  constructed  during  simulations  employing 
dynamic  routing  were  observed  to  make  as  many  as  seven  hops, 
depending  on  the  bre  *.k  point  selected  for  the  node  weight 
portion  of  the  distance  calculation. 


B.  RESULTS  AND  OBSERVATIONS 


1 .  General 

Several  tables  of  results  are  contained  in  Appendix 
C.  The  tables  are  crowded,  but  they  are  identical  in  format 
and  the  reader  should  have  little  difficulty  reading  them. 

In  the  discussion  that  follows  we  identify  the  general  trends 
revealed  in  the  simulation  results. 

a.  Percentage  of  Circuits  Established 

It  comes  as  no  surprise  that,  when  all  of  the 
other  parameters  are  held  constant,  a  greater  percentage  of 
calls  can  be  established  as  we: 

1)  increase',  the  allowable  receive  signal  stacking  depth, 

2)  decrease:  the  mean  duration  of  an  established  circuit, 
or 

3)  decrease  the  period  between  (i.e.  increase  the 
frequency  of)  the  best  path  update  cycles. 

The  results  in  Table  C-l  show  that  decreasing  the 
mean  duration  of  a  circuit  has  the  greatest  effect  on  the 
percentage  of  circuits  that  are  established.  Decreasing  the 
average  call  duration  from  10  seconds  to  2  seconds  generally 
results  in  a  2  0  to  70  percent  improvement  in  the  number  of 
circuits  established  for  both  static  and  dynamic  routing. 

In  the  case  of  dynamic  routing,  we  see  that 
reducing  the  update  period  almost  always  results  in  a  small 
( 2  to  5  percent)  improvement  in  the  number  of  circuits 
established.  This  is  because  more  frequent  updates  allow 
the  heavily  utilised  nodes  to  be  identified  before  they 


reach  saturation,  so  that  future  traffic  may  be  routed 
through  nodes  with  lower  levels  of  utilisation. 

The  data  shows  that  increasing  the  slot  stacking 
depth  improves  the  percentage  of  circuits  established. 
However,  we  note  that  the  largest  improvement  with  respect  t 
this  parameter  is  obtained  by  increasing  the  slot  stacking 
depth  from  one  to  two.  The  number  of  circuits  established 
generally  continues  to  increase  as  the  stacking  depth  is 
increased.  However,  the  improvement  is  at  a  lower  rate. 

We  see  that  as  the  ordinate  of  the  break  point  i 
increased  from  64  to  128  and  then  to  256,  the  percentage  of 
established  circuits  tends  to  increase  (when  all  other 
paramexcrs  are  held  constant).  This  can  be  explained  by  "he 
fact  that  the  (96,256)  break  point  encourages  the  use  of  ies 
busy  nodes  at  the  expense  of  using  higher  attenuation  (i.e. 
higher  energy)  links.  In  contrast,  the  (96,64)  break  point 
appears  to  encourage  the  use  of  the  lower  attenuation  links 
until  the  nodes  on  those  links  approach  roughly  80  percent 
of  saturation.  The  results  in  Table  C-5  support  this 
observation. 

Table  C-5  may  also  be  used  to  explain  why  a 
greater  percentage  of  circuits  are  established  with  static 
routing.  The  least-hop  static  routing  uses  all  links 
approximately  equally,  regardless  of  the  link  attenuation 
or  level  of  activity  at  the  nodes  on  a  path.  The  average 
energy  for  circuits  built  according  to  the  static  routing 


scheme  is  almost  always  much  higher  than  for  the  average 
circuit  constructed  with  dynamic  routing.  Note  also  that  a 
circuit  built  with  the  static  least-hop  routing  strategy 
never  uses  more  nodal  assets  (i.e.  total  slots)  than  does  a 
dynamically  routed  circuit.  Therefore,  static  least-hop 
routing  conserves  capacity  throughout  the  network,  and  this, 
in  turn,  usually  allows  for  a  greater  number  of  circuits  to 
be  active  at  any  one  time. 

b.  Average  Number  of  Active  Circuits 

Table  C- 2  contains  statistics  concerning  the 
average  number  of  virtual  circuits  active  at  any  one  time 
during  the  simulation  fcr  the  parameters  shown.  Trends  in 
this  table  are  difficult  to  identify,  however,  because  the 
values  in  some  of  the  cclumns  are  nearly  identical. 

If  the  average  percentage  of  circuits  established 
for  one  set  of  parameters  is  greater  (or  less)  than  the 
percentage  established  for  another  set  of  parameters,  then  we 
would  expect  that  the  average  number  of  circuits  active  for 
that  scheme  should  also  be  greater  (or  less)  than  the  average 
number  of  circuits  active  for  the  other  scheme.  Thus  we  would 
expect  that  the  values  in  this  table  should  trend  along  the 
same  lines  as  the  values  in  Table  C-l ,  and  this  is  generally 
the  case.  For  example,  we  see  that  increasing  the  slot 
stacking  depth  increases  the  average  number  of  active  circuits 
in  proportion  to  the  increase  in  the  corresponding  values  in 


A  final  point  worth  noting  about  the  values  in 
Table  C-2  is  that  as  the  average  call  duration  is  decreased 
from  10  seconds  to  2  seconds,  the  average  number  of  circuits 
active  at  any  one  time  decreases  from  approximately  13  to 
about  3.7.  It  is  therefore  not  surprising  that  the  shorter 
duration  circuits  are  rebuffed  less  often:  the  network  is 
very  lightly  loaded. 

c.  Average  Number  of  Hops  per  Circuit 

Table  C-3  shows  that  the  circuits  established 
with  static  least-hop  routing  make  fewer  hops  than  the 
dynamically  routed  circuits.  This  is  just  as  it  should  be. 

A  more  subtle  trend  revealed  by  these  figures  is  that  the 
variation  of  any  parameter  which  generally  increases  rhe 
percentage  of  circuits  established  (i.e.  decreasing  the  mean 
circuit  duration  or  update  period,  or  increasing  the  stack¬ 
ing  depth)  generally  causes  an  increase  in  the  average  numbe 
of  hops.  This  tells  us  that  the  additional  circuits  are,  on 
the  average,  following  longer  paths. 

We  also  note  that  increasing  the  ordinate  of  the 
break  point  tends  to  reduce  the  average  number  of  hops  per 
circuit.  As  the  ordinate  is  increased  the  dynamic  routing 
scheme  appraoches  the  least-hop  routing  strategy.  Similarly 
as  the  ordinate  is  decreased  the  dynamic  routing  scheme  tend 
toward  the  least  energy  routing  strategy.  This  is  verified 
by  the  data  in  Table  C-5 . 


d.  Largest  Number  of  Hops 

Table  C-4  lists  the  number  of  circuits  that  made 
the  largest  number  of  hops  for  any  combination  of  the 
parameters  studied.  Of  the  518  circuit  requirements  entered 
into  the  network  between  the  time  the  counters  were  reset  at 
30  seconds  into  the  simulation,  and  the  end  of  the  simulation 
270  seconds  later,  we  see  that  for  static  routing,  anywhere 
from  less  than  one  tenth  to  nearly  one  fifth  of  the  established 
circuits  took  three  hops.  These  figures  again  illustrate  that 
the  longer  multi-hop  messages  are  more  likely  to  be  established 
under  the  lightly  loaded  network  condition  Ci.e.,  when  the 
mean  circuit  duration  is  2  seconds). 

Three  sets  of  dynamic  routing  parameters  caused 
one  of  the  518  circuits  to  be  established  over  a  path  seven 
hops  long.  We  were  concerned  that  the  use  of  the  (96,64) 
break  point  might  so  bias  the  distance  function  and  best  path 
calculation  in  favor  of  the  low  attenuation  links,  that 
circuits  would  make  an  inordinate  number  of  hops.  However, 
the  data  does  not  support  this  concern. 

e.  Average  Energy  per  Circuit 

The  "energy  factors"  presented  in  Table  C-5  are 
our  own  convention.  We  derived,  from  the  link  attenuation 
value  for  each  link,  a  representative  figure  for  the  energy 
required  for  communications  over  that  link.  The  simulation 
program  kept  track  of  which  circuits  were  built  and  which 
links  were  used.  At  the  end  of  the  simulation,  the  average 


energy  per  established  circuit  was  divided  by  100000  to 
produce  the  "energy  factor"  which  is  displayed  in  Table  C-5 
for  each  set  of  parameters. 

We  see  that  the  (96,64)  break  point  definitely 
results  in  preferential  use  of  the  lower  energy  links,  and 
that  increasing  the  break  point  ordinate  results  in  an 
increase  of  the  average  energy  factor. 

2 .  Summary 

In  summary,  for  the  parameters  that  were  studied, 
the  average  virtual  circuit  duration  has  the  greatest  effect 
on  the  overall  statistics.  The  update  period,  coordinates  of 
the  break  point,  and  slot  stacking  depth  generally  have  a 
smaller  impact  on  the  statistics.  The  effect  of  increasing 
the  stacking  depth  tends  to  be  reduced  as  the  stacking  depth 
is  increased.  If  we  seek  to  limit  the  overall  radiated 
energy  of  the  network,  then  dynamic  routing  (with  a  low  break 
point  such  as  (96,64))  should  be  used.  However,  if  maximum 
throughput  is  required  and  we  can  afford  to  suffer  the 
consequences  of  increased  signal  energy,  then  our  results 
suggest  that  users  should  keep  calls  as  brief  as  possible 
and  that,  in  our  test  network,  either  the  static  least-hop 
or  dynamic  routing,  with  a  (96,256)  break  point,  should  be 
used.  The  major  conclusion  of  this  report  is  that  it  is 
possible  to  route  in  a  way  that  reduces  the  average  energy 
transmitted  per  message  without  substantially  decreasing  the 
network  throughput. 


C.  RECOMMENDATIONS  FOR  FURTHER  STUDY 


During  the  development  and  analysis  of  the  proposed 
packet-switched  network  time  slot  assignment  algorithm,  it 
became  apparent  that  there  were  several  courses  that  future 
research  could  follow.  Listed  below,  in  no  particular  order, 
are  several  recommendations  for  further  study.  Some  are  mere 
enhancements  to  the  appended  simulation  program  while  others 
would  require  the  generation  of  new  programs,  or  the  integra¬ 
tion  of  two  or  more  of  the  simulation  programs  developed  by 
previous  NPS  graduate  students. 

We  know  that  there  are  several  ways  to  calculate  the  link 
distances.  Our  distance  calculations  were  a  function  of  both 
path  attenuation  and  node  utilization.  The  node  utilization 
calculation  was  based  entirely  on  the  mutual  availability  of 
slots  remaining  between  each  pair  of  directly  connected  nodes, 
as  a  result  of  the  slot  assignments  for  virtual  circuits 
already  active  between  that  pair  of  nodes.  We  assumed  that 
data  message  packets  could  always  be  stored  in  a  queue  at 
each  node  and  forwarded  as  slots  became  available.  Therefore 
we  did  not  simulate  or  study  the  actual  performance  of  our 
algorithm  with  respect  to  data  traffic.  If  future  studies 
simulate  the  processing  of  both  data  and  virtual  circuit 
voice  traffic,  then  it  seems  desirable  to  include  the  data 
queue  size  and/or  data  packet  message  delay  as  elements  in 
the  distance  calculation. 
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It  is  sensible  to  expect  that  some  percentage  of  the 
callers  whose  initial  (and  subsequent)  calls  were  rebuffed 
might  attempt  to  re-dial  the  same  call  at  some  later  time. 

It  would  not  be  difficult  to  modify  the  existing  simulation 
program  to  accommodate  this  activity;  the  results  might  be 
very  interesting. 

Future  studies  might  examine  other  routing  algorithms 
and/or  simulate  the  actual  transmission  and  handling  of 
update  messages  used  to  carry  the  distance  information  from 
node  to  node  throughout  the  network.  Along  these  lines,  it 
might  be  worthwhile  to  combine  our  slot  assignment  scheme 
with  Heritsch's  [Ref.  9]  hierarchical  routing  protocol. 

The  slot  assignment  algorithm  should  be  tested  on  a 
larger  network.  Several  possibilities  come  to  mind.  It 
seems  reasonable  to  exploit  the  previous  research  of  Bond 
[Ref.  3]  and  Kane  [Ref.  4]  for  this.  Their  work  concentrated 
on  a  prototype  packet  radio  network  (for  a  MAB)  composed  of 
approximately  seventy-five  nodes.  A  network  this  large  might 
require  a  prohibitive  amount  of  computer  execution  time  to 
simulate  adequately,  but  their  work  nonetheless  provides  a 
good  starting  point  for  the  study  of  larger  tactical  networks. 

We  have  allowed  all  of  the  nodes  in  our  network  to 
originate  and  receive  voice  traffic  equally.  The  nodes  in 
an  actual  tactical  packet  radio  network  would  generate 
varying  amounts  of  voice  and  data  traffic,  and  the  addressees 
for  this  traffic  would  not  be  uniformly  distributed  across 
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all  net  members.  In  a  fast  moving  tactical  situation  most 
of  the  network  traffic  would  be  command  and  fire  support 
coordination  type  traffic,  while  the  predominant  type  of 
traffic  between  battles  would  be  more  administrative  and 
logistical  in  nature.  Bond’s  work  [Ref.  3]  provides 
statistics  concerning  the  type  (data  or  voice)  of  traffic 
the  different  nodes  in  a  MAB  have  generated  historically. 

Future  studies  could  include  the  effects  of  terrain  on 
network  connectivity  and  link  attenuations  as  originally 
studied  by  Kane  [Ref.  4],  The  STAR  Terrain  Model  would  be 
useful  for  the  purpose  and  also  for  the  simulated  movement 
of  nodes  from  position  to  position  across  STAR’S  simulated 
battlefield . 

None  of  the  previously  mentioned  and  referenced  research 
at  NPS  has  provided  more  than  a  cursory  analysis  and  dis¬ 
cussion  of  some  of  the  most  difficult  aspects  of  an  actual 
packet  radio  network  implementation.  Briefly  these  aspects 
include,  but  are  not  limited  to: 

1)  Initializing  and  starting  the  network  in  operation. 

2)  The  effects  of  changes  in  network  topology  caused  by 
broken  links  or  by  nodes  joining  or  leaving  the  network. 

3)  Identification  and  use  of  alternate  or  "next  best 
path"  routes  to  increase  network  throughput. 

It  should  be  instructive  to  vary  parameters  such  as  the 
number  of  time  slots  per  frame,  the  time  slot  duration,  the 
update  period  or  the  coordinates  of  the  "break  point",  etc., 


in  the  existing  time  slot  assignment  algorithm  and  study 
the  effect  on  network  performance. 

In  conslusion,  this  thesis  was  a  preliminary  investiga¬ 
tion  of  a  proposed  time  slot  assignment  algorithm.  We 
recognize  that  our  algorithm  is  but  one  of  several  possible 
schemes.  We  have  identified  its  broad  performance 
characteristics  and  know  that  the  algorithm  works.  We 
believe  that  the  concept  of  implementing  a  future  military 
packet  radio  network  with  integrated  voice  and  data  traffic 
utilizing  spread  spectrum  and  CDMA  techniques  in  conjunction 
with  some  type  of  TDMA  time  slot  assignment  scheme  is  a  viable 
notion  worthy  of  further  study. 
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STATIC  BEST  PATH  NEIGHBOR  ASSIGNMENTS 
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TABLE  C-l  PERCENTAGE  OF  CIRCUITS  ESTABLISHED 


APPENDIX  C 

RESULTS  OF  THE  SIMULATION 
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AVERAGE  NUMBER  OF  VIRTUAL  CIRCUITS  ACTIVE  AT  ANY  ONE  TIME 
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TABLE  C-5  AVERAGE  ENERGY  FACTOR  PER  ESTABLISHED  VIRTUAL  CIRCUIT 
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//TRIC1966  JCB  ( 1966 • 0132 )» • TR ITCHLER  1642*  ,CLA5S*C 
//♦MAIN  0RG«NPGVMl.l966P,LINSS-<6» 

//♦FORMAT  PR  .CCNAME-.DEST-LOCAL 
//  EXEC  SIM25C 
//SYSPPINT  CC  SYSOUT* A 

//SIM.SYSLIN  CC  UNIT-3330V,HSVGP-PUB4B,0ISP«(0L0,KEEPI. 

//  DSN* MSS .5 1966. THE SI  X.  LOACH  B 

//SI M. SYS  IN  CO  ♦ 

PPEAMBLE 

,  « 

NORMALLY  MODE  IS  INTEGER 

•  « 

PERMANENT  ENTITIES 

EVERY  NODE  HAS  A  TRANSMIT. PERCENT,  A  RECEIVE  .PERCENT,  A  GROUP  AND 
A  PAMILY 

OEFINE  TRANSMIT. PERCENT  ANO  RECEIVE. PERCENT  AS  REAL  VARIABLES 

,  • 

GENERATE  LIST  ROUTINES 

,  t 

TEMPORARY  ENTITIES 

EVFRY  MESSAGE  HAS  A  CKT.NR,  A  TYPE,  AN  ORIGINATOR,  A  DESTINATION, 

A  FM.NOOE,  A  TO. NODE,  A  START. TIME,  A  HCP.CCUNT,  A  SLOT . ARR I VAL , 
A  SLOT. ASSIGN,  A  RECSLOT ,  A  OIR -  '  -  - - 


_ _  A  KCUJUUl,  A  uim 

A  INF02,  A  INFC3,  A  INF04,  A  IN 
A  INF09 

DEFINE  START. TIME. 


CTION,  A  CUM. ENERGY,  A  INF01, 
C5,  A  INF06,  A  INF07,  A  INF08 

HOP. COUNT  AND  CUM. ENERGY  AS  REAL  VARIABLES 


ANO 


EVENT  NOTICES  INCLUDE  STOP.S I MULAT I  ON  ,  NEW  .CKT.REQMT, 

INITIAL. REC. FOR. SVC,  RE SPONSE .REQ. FCR.SVC,  FINAL. ASSIGNMENT. NOTICE  • 
UPSTREAM. BREAK. DOWN,  OCWNSTREAM.eREAK.CQnN,  CIJK.MAN I  PUL AT ION  ANO 
PE. MOVE. TRANSIENT. EFFECT 
EVERY  INITIAL. REQ. FOR. SVC  HAS  A  SVC1.MSG 
RESPONSE. REQ. FOP. SVC  HAS  A  SVC2.MSG 
FINAL  .ASSIGNMENT. NOTICE  HAS  A  SVC3.MSC 
UPSTREAM. BREAK. DOWN  HAS  A  U.g.O.MS.; 

-  STREAM. BREAK. DOWN  HAS  A  C.f 


VFRY 
EVERY 

EVERY  „ 

EVERY  DbWNSTREAM.BRSAKrbOW^HAS  A'CiSLCliSG 

,  , 

PRIORITY  ORTER  IS 
t tSTOP. SIMULATION, 

ACCUMULATE  CUM. MEAN  AS  THE  MEAN, 

CUM. STO. DEVIATION  AS  THE  STO.OEV,  h, 

•MN. ACTIVE  AS  THE  MINIMUM  OF  ACTIVE 

,  , 

HOUSEKEEPING  AS  A  RELEASABLE  POUTIN: 
ECHO. PRINT. INPUT. DATA  AS  A  RELEASABlE 


OEFINE 

DEFINE 

•  , 

DEFINE 
DEFINE 
DEFINE 
OEFINE 
0  EE INE 
nEFINc 
DEFINE 
DEFINE 
DEFINE 
DEFINE 

DEFINC 

0  EF I  NS 
DEFINE 
OEFINE 
DEFINE 
DEFINE 
OfcFINE 
HEFIME 
OEFINE 
OFF INE 
DEFINE 
OEFINE 


UPSTREAM. BREAK. OOWN,  DOWNSTREAM. BREAK .DOWN. 

RE. MOVE. TRANSIENT. EFFECT  AND  01 JK. MANIPULATION 

CUM. VARIANCE  AS  THE  VARIANCE, 
MAX. ACT IVE  AS  THE  MAXIMUM, 


ROUTINE 


USE  A$  A  3-01  MEN SIGNAL  INTEGER  ARRAY 
TSLT  AS  A  1-01  MEN'S  IONAL  INTEGER  ARRAY 
BEST • PATH  AS  A  2-Q I  MENS  I CNA L  INTEGER  ARRAY 
FAM.CF.GRP  AS  A  1- 0 1  MENS ! CNAL  INTEGER  ARRAY 

-  “  2-CIM5MSICNAL  INTEGER  ARRAY 

A  2-0 1 M5NSI ONAL  INTEGER  ARRAY 
2-CIMENSICNAL  REAL  ARRAY 
2-DIMENSI CNAL  REAL  ARIAY 
A  2-01  MENS! ONAL  REAL  ARRAY 


LINK4ELE  AS  A 
NODE. COUNT  AS 
OIJKSTRA  AS  A 
DISTANCE  AS  A 
ATTENUATION  AS 


PATH. AVAIL  AS  A  2-CIMENS IONAL 
NODE. SCALE  AS  A  l-  7 
LINK. WEIGHT  AS  A  2- 


INTEGSR  ARRAY 

dimensional  real  array 

-DIMENSIONAL  REAL  ARRAY 
ENFRGY  AS  A  2-0 1 ME  NS IONAL  REAL  ARRA  < 

NERGY  AS  A  2-0 1  MEN  SI  ON A L  REAL  ARRAY 
LIN. K. USED  AS  A  1-OIMENSIDNAL  INTEGER  ARRAY 
LI.NK.NR  AS  A  2-DIMENSIONAL  INTEGER  ARRAY 
UPDATE  TO  MEAN  1 
PACKET  TC  MEAN  2 
PARTIAL. BREAKDOWN  TO  MEAN  3 
FULL  .BREAKDOWN  TC  MEAN  4 
REMOVE. LOOP  TO  MEAN  5 

_  MAX. SLOT. 05PTH,  STARTING.MAX. SLOT.OEPTH  ANO  ENDING. MAX.SLOT. DEPTH 
AS  INTEGER  VARIABLES 

BIfInI  cI??TO^lV^CK?  .  eItAB, 


97 


PILE:  THESIS  SIMS  AI  NAVAL  POSTGRADUATE  SCHOOL 


AND  CKT.0ISESTA8  AS  INTEGER  VARIABLES 
DEFINE  UP .PCUTS «  DCWN.RCUTE  ANC  ACTIVE  AS  INTEGER  VARIABLES 
OEFINE  TRNS.PCNT  AND  RCV. PCNT  AS  REAL  VARIABLES 
DEFINE  GFPS.  FMLYS  ANO  NGFS  AS  INTEGER  VARIABLES 

DEFINE  SPECIFY. OUTPUT,  PR NT ,  PRT  ANO  LTD. PRINT  AS  INTEGER  VARIABLES 
DEFINE  TEST. DURATION,  SLOT. DURATION,  PROCESSING.TIME,  PROP. DELAY. TI 
MEAN. CKT . ESTAB  AND  ME AN.DURAT ION.O  F .CKT  AS  REAL  VARIABLES 
OEFINE  NODAL. MEAN. CKT. ESTAB  AS  A  REAL  VARIABLE 
OFF INE  SLOTS,  LINKS  AND  MAX.L INKS  .PER  .NOOE  AS  INTEGER  VARIABLES 
DEFINE  LINK. NCOE. RATIO  AS  A  REAL  VARIABLE 
OEFINE  STARTER  AS  AN  INTEGER  VARIABLE 
DEFINE  IN. GROUP  ANO  IN. FAMILY  AS  REAL  VARIABLES 

OEFINE  LONG. TIME. EST,  AVG.?. BO,  LONG. P. BO,  AVG.C.BO,  LONG. C. BO  ANO 
AVG.TIME.FST  AS  REAL  VARIABLES 
OEFINE  OELAY.SUM,  SUM. DURATION,  ANO  AVG. DURATION 
AS  REAL  VARIABLES 


NGFS  AS  INTEGER  VARIABLES 

PR NT ,  PRT  ANO  LTO. PRINT  AS  INTEGER  VARIABLES 
LOT. DURATION,  PROCESSING.TIME,  PROP. DELAY. TIME* 
AN. DURATION. OF. CKT  AS  REAL  VARIABLES 
STAB  AS  A  REAL  VARIABLE 


DEFINE 

OEFINE 

DEFINE 


XT. LONG. TIME. EST  AS  INTEGER  VARIABLES 
AN  INTEGER  VARIABLE 
SUM  AND  HOP. AVG  AS  REAL  VARIABLES 


OEFINE  CKT. GREATEST  ANO  CKT. LONG. TIME. EST  AS  INTEGER  VARIABLES 
DEFINE  MAX. CRTS. IN. SIM  AS  AN  INTEGER  VARIABLE 
DEFINE  HOP. GREATEST,  HOP. SUM  AND  HOP. AVG  AS  REAL  VARIABLES 
DEFINE  TOT. HCP. GREATEST  AS  AM  INTEGER  VARIABLE 

DEFINE  SUM. BC. TIME. ALL. CKT,  AVG. BO. TIME,  TOT. P. BO  ANO  TOT. C. 80  AS 
REAL  VARIABLES 

DEFINE  P. 80. COUNTER  ANO  C. BO. COUNTER  AS  INTEGER  VARIABLES 
OEFINE  CRTS. 80  AS  AN  INTEGER  VARIABLE 

DEFINE  UP. DATE. PERIOD  ANO  RE .PORT. PER  100  AS  REAL  VARIABLES 
DEFINE  CHANGE. FLAG  AS  AN  INTEGER  VARIABLE 

OEFINE  TOT. DIJK. CALLED,  BACKTR ACK .OR . LOOPBACK  ANO  ACT. LOOP. REMOVE  AS 
INTEGER  VARIABLES 

DEFINE  THEO.CAP  AS  A  REAL  VARIABLE 

DEFINE  BRK.X. POINT  AND  BRK.Y.PCINT  AS  INTEGER  VARIABLES 

DEFINE  NODE. MAX. SCALE. WEIGHT  AS  A  REAL  VARIABLE 

DEFINE  ROUTING. ALGORITHM. SELECTOR  AS  AN  INTEGER  VARIABLE 

DEFINE  FRACT. OF. SUCCESSFUL. CALLS  ANO  AVG. ACTIVE  AS  REAL  VARIABLES 

DEFINE  E . SUM  AND  E. SUB. K. BAR  AS  REAL  VARIABLES 

FND  **0F  PREAMBLE 

THIS  IS  THE  MAIN  PROGRAM 

■  , 


[VE  AS  REAL  VARIABLES 


DEFIN^ ?RANSIEN?.TIME  AS  A  REAL  VARIABLE 
START  NEW  PAGE 
ORINT  3  LINES  AS  FOLLOWS 

PROGRAM  TO  INVESTIGATE  THE  EFFECTS  OF  STACKING  RECEIVE  SIGNALS  TO 
VARIOUS  CEPTHS  IN  TIME  SLOTS.  __ 

SKIP  2  OUTPUT  LINES 

•  , 

"  THE  MAIN  PROGRAM  CALLS  THF  HOUSEKEEPING  ROUTINE  THAT  SETS  THE 
••  THE  VALUE  OF  ALL  INPUT  VARIABLES  THAT  REMAIN  CONSTANT  FOR  ALL 

••  RUNS  OF  THE  SIMULATIONS.  THIS  ALLOWS  THE  MAIN  PROGRAM  TO  ACT  AS 

••  THE  CRIVER  ROUTINE  FOR  THE  SIMULATION.  THE  MAIN  PROGRAM  CAN  BE 

••  STRUCTURED  TO  CHANGE  CERTAIN  CONDITIONS  OF  THE  SIMULATION  ANO 

••  THEN  RERUN  THE  SIMULATION  AGAIN. 


REAL  VARIABLE 


PERFORM  HOUSEKEEPING 
PFLEASS  HOUSEKEEPING 
° ELEASE  ECHO. PR  INT. INPUT. DATA 
,  , 

J  00. IT. AGAIN* 

••  TEST  TO  SEE  IF  THE  ENTIRE  SIMULATION  IS  COMPLETE. 

•  • 

IF  MAX. SLOT. CEPTH  GT  ENOING. MAX. SLOT. OEPTH 
GO  TO  FINISH 
ALWAYS 

••  INITIALIZE  IMPORTANT  COUNTING  VARIABLES  ANO  ARRAYS  FOR  EACH  ITERA 
•'  TION  CF  THE  SIMULATION. 

LET  TIME.V  -  C. 000000000 
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IF  ROUTING. ALGORITHM. SELECTOR  EO  1 
RELEASE  PEST.PATHI*,*) 

PERFORM  ARRAY. INITIALIZATION 
ALWAYS 
•  • 

RESET  TOTALS  OF  ACTIVE 

t  t 

RESERVE  L IN. K .USED (* I  AS  LINKS 


LE*  REPORT. COUNTER 
LEi  CKT. TOTAL  »  0 
LET  CKT. SUM  *  0 
LfT  CKT.PSTAB  -  0 

l£t  CKT. failed  «  0 

LET  CKT .01 SESTAB  *  0 
l ET  UP. ROUTE  *  0 
LpT  DOWN.RCUTE  *  0 
LFT  ACTIVE  *  0 
LET  HOP. SUM  >  0. 

LET  HOP. GREATEST  -  0. 
LET  T0T. HOP. GREATEST  - 
LET  HOP. AV§  .  C. 

<  ET  DELAY. SUM  *  0. 

LET  DURATION  =•  0. 

LET  SUM. DURATION  *  0. 
LET  AVG. DURATION 
LET  LONG.TI-E.F 
l ET  AVG.TIMF.E* 

LET  AVG.P.BC  * 

LFT  LONG. P. PC  «  0. 

LET  AVG.C.BC  *  0. 

I  FT  LONG.C.aC  =  5. 

LET  CKT. LONG. TIMc.EST  » 
LET  AVG. BO. TIME  =  0. 

LET  SUM.BO.TlME.ALL.CKT 
LET  CKTS.BD  -  0 

llItt  cp:S3:OT§8  : 3 

LFT  T0T . P . BO  *  0. 

LET  TOT.C.BC  -  0. 


IF.' 

0. 


0. 

>  3. 

0. 


let  change. flag  *  1 
L  £T  TOT. DI4K. CALLED  -  0 


:T  BACKTRACK. CR. LOOPBACK  -  0 
:T  ACT. LOOP. REMOVE  =  0 


LET  F ■  SUM  »  0.0 
LET  F. SUB. K. EAR  =  0.0 
LET  FRACT .OF  .SUCCESSFUL. CALLS 
LET  AVG. ACTIVE  *  0.0 


0.0 


•  i 
>  • 
i  i 

•  > 


RELEASE  THE  SYSTEM’S  "SEEO.V"  ARRAY,  THEN  RE-DIMENSION  THIS  ARRAY 
ANO  REAO  IN  THE  SAME  SET  OF  RANOCM  NUMBER  SEEDS  FOR  EACH  ITERA¬ 
TION  CF  THE  SIMULATION. 


R|^|A3E  SfFC.VI*) 
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RESERVE  SESrC.Vm  AS 
REAO  SEEO.V 
•  • 

”  CALCULATE  THE  THEORETICAL  ABSOLUTE  MAXIMUM  CAPACITY  FOR  A  RICHLY 
• '  CONNECTED  NETWORK. 

t  • 

LET  NR.XMIT.SLCTS  «  TRUNC.FIREAL. F(SLCTS)  /  11.0  ♦  1.0  / 

REAL. FIMAX. SLOT. DEPTH!) ) 

l  ET  THEO.CAP  *  REAL.F ( N.NOOE )  *  REAL  .FINR.XMIT. SLOTS) 

•  , 

PESFRVE  USF (*.*,*)  AS  N.NODE  BY  SLOTS  BY  6 


I'fjrnYC  ujr  >  <*  , . 

S  f  ART  NEW  PAGE 
PRINT  7  LINES  k 


PRINT  7  LINES  WITH  MAX. SLOT. DEPTH  AS  FOLLOWS 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XX  XX 
XX  RESULTS  OF  SIMULATION  XX 
XX  FOR  XX 
XX  MAXIMUM  SLOT  OEPTH  »  **  XX 


99 


FILES  THESIS  SIMS 


A 1  NAVAL  POSTGRACUATE  SCHOOL 


X  x  XX 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

SKI  9  2  OUTPUT  LINES 

t  I 

••  SCHSOULE  INITIAL  EVENTS 

i  • 

IF  ROUTING. ALGORITHM. SELECTOR  EC  1 

SCHEDULE  A  Cl JK.MANI PULATION  AT  0. COOOCOOOO 
ALWAYS 

SCHEDULE  A  STOP. SIMULATION  IN  RE. PORT. PER IUD  UNITS 

SCHEDULE  A  NFW.CKT.REQMT  IN  EXPONENTIAL. F (HEAN.CKT.ESTAB, I )  UNITS 

L  FT  TRANSIENT .TIME  *  30.003 

SCHEDULE  A  RE. MOVE. TRANSI ENT. EFFECT  IN  TRANSIENT.TIME  UNITS 
«  • 

START  SIMULATION 

•  i 

RELEASE  USE!*.*.*) 

RELEASE  OIJKSTRA!*,*) 

RELEASE  DISTANCE!*, *1 
0  EL  EASE  RATH. AVAIL!*,* I 
RELEASE  NODE. SCALE!*) 

RELEASE  L I N .K .USED!* ) 

IF  ROUTING. ALGORITHM. SELECTOR  EO  1 
RELEASE  BEST. PATH!*, *» 

ALWAYS 

•  i 

••  P.UN  THE  SIMULATION  AGAIN  FOR  A  NEW  SLOT  DEPTH 

•  • 

LET  MAX. SLOT. OEPTH  *  MAX. SLOT. DEPTH  4  I 
GO  TO  00. IT. AGAIN 
•  • 

•FINISH* 

SKIP  3  OUTPUT  LINES 
PRINT  2  LINES  AS  FOLLOWS 

TOTAL.  COMPLETE,  ANO  ABSOLUTE  END  OF  THE  SIMULATION. 

STOP  ------ ------------------ ------ 

CN0  "OF  MAIN 

i  i 

• •  THIS  ROUTINE  READS  IN  ALL  OF  THE  VARIABLES  IN  THE  SIMULATION. 

"  BY  PROPER  STRUCTURING  OF  THIS  ROUTINE  AND  THE  -MAIN"  PROGRAM, 

•'  THE  SIMULATION  CAN  BE  MAOE  TO  SUCCESSIVELY  RERUN  ITSELF  USING 

! |  ANY  NUMBER  OF  NEW  INPUT  PARAMETERS  ON  EACH  RUN. 

ROUTINE  FOR  HOUSEKEEPING 
•  • 

"EFINE  ADJUSTED. ATT,  EN.ERGY  ANO  WT  AS  REAL  VARIABLES 

•  • 

"  SPECIFY  OUTPUT  IS  AN  INTEGER  WHICH,  IN  PART,  CONTRCLS  THE  QUANTITY 
••  ANO  TYPE  OF  PRINTED  OUTPUT. 

•'  0  O  ALL  INPUT  DATA  ANO  THE  QUARTERLY  RESULTS  OF  THE  SIMULA- 

•  •  TION  ARF  OUTPUT.  THIS  IS  THE  NORMAL  OUTPUT  MODE. 

"  l  »>  ONLY  THE  INPUT  DATA  ANC  THE  DATA  SPECIFIED  BY  THE  PRO- 

••  GRAMMER  IN  "S PEC  I AL  .OUTPUT"  ARE  PRINTED  OUT.  QUARTERLY 

"  RESULTS  OF  the  SIMULATION  ARE  NOT  PRINTED. 

||  2  =>  ONLY  THE  OATA  SPECIFIED  IN  "SPECIAL. OUTPUT"  IS  OUTPUT. 

0  EAO  SPEC IFY. OUTPUT 

•  , 

••  PR NT  IS  AN  INPUT  VARIABLE  THAT  CONTROLS  THE  AMOUNT  OF  DIAGNOSTIC 
•  *  PRINTING  ASSOCIATED  WITH  BUILDING  AMD  DISESTABLISHING  VIRTUAL 

••  CIRCUITS. 


3  **> 


l  «■> 


ANNOUNCES  EACH  NEW  CIRCUIT  REQUIREMENT  AND  WHETHEP  THE 
CIRCUIT  IS  EVENTUALLY  ESTABLISHED  OR  BROKEN  DOWN  BE¬ 
CAUSE  SLOTS  WERE  NOT  AVAILABLE  AT  ONE  OF  THE  NODES 
ALONG  THE  PATH. 

0  ♦  PRINTS  THE  SLOT  ASSIGNMENTS  AT  EACH  NOOE  AFTER  THE 
FIRST  QUARTER  AND  AT  THE  ENO  OF  EACH  RUN  OF  THE  SIMU¬ 
LATION. 

1  4  SELECTIVE  PRINTING  OF  OTHER  INFORMATION. 

SUPPRESSES  THE  ABOVE  LISTED  DIAGNOSTIC  PRINTING. 
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••  CAUTIONS  AS  AN  AID  TO  OS-BUGGING  THE  PROGRAM,  THE  VALUE  OF  PRNT 
MAY  BE  CHANGEO  BY  THE  PROGRAM  SEVERAL  TIMES  DURING  EXECUTION.. 

READ  PRNT 

,  « 

••  PRT  IS  AN  INPUT  VARIABLE  THAT  CONTROLS  THE  AMOUNT  OF  DIAGNOSTIC 
••  PRINTING  ASSOCIATED  WITH  THE  DYNAMIC  ROUTING  RELATED  OPERATIONS 
| J  OF  THE  PROGRAM. 

RFAD  RRT 
•  « 

"  LTD. PRINT  IS  ANOTHER  INPUT  VARIABLE  THAT  WAS  ADDED  AT  THE  LAST  MIN'* 
••  UTE  TO  LIMIT  THE  VOLUME  OF  PRINTED  DUTPUT  IN  THE  PERIODIC  REPORTS 

"  PRODUCED  IN  THE  STOP. SI MULATI ON  EVENT. 

•  •  0  **>  ALL  OF  THE  REGULAR  OUTPUT  IS  PROOUCED  AS  DETERMINED  BY 

• •  THE  SPECIAL. OUTPUT  ,  PRNT,  ANO  PRT  VARIABLES  EXPLAINED 

"  ABOVE. 

|J  l  «»>  THE  VOLUME  OF  PRINTED  OUTPUT  IS  LIMITED. 

°  EAD  LTD. PRINT 

•  , 

•  •  READ  THE  "ROUTING. ALGORITHM. SELECTOR"  WHICH  IS  USED  TO  IDENTIFY 
••  WHICH  TYPE  OF  ALGORITHM  THE  SIMULATION  WILL  SIMULATE. 

•  •  I  =•*>  DYNAMIC  ROUTING  ACCORDING  TO  THE  DIJKSTRA  ALGORITHM. 

;j  2  *«>  STATIC  BEST  PATH  LEAST  HOP  ROUTING. 

S EAD  ROUTING. ALGORITHM. SELECTOR 

•  •  READ  THE  NUMBER  OF  NODES  IN  THE  NETWORK  AND  THE  NODAL  TRANSMIT  AND 

•  *  RECEIVE  FACTORS. 

•  i 

READ  N.NOOE 
IF  SPECIFY. OUTPUT  LE  l 
PRINT  2  LINES  AS  FOLLOWS 

MODE  TRANSMIT  RECEIVE  GROUP  FAMILY 

NO.  ^  _  FACTOR  FACTOR  ( PGM  • )  ( PGM  t ) 

REGARDLESS 

CREATE  EVERY  NOOE 
FOR  EVERY  NCC6 

REAO  TRANSMIT. PERCENT  INODE  I ,  RECEI VE. PERCENT  I  NODE  I  ,  GROUP ( NUDE )  ANO 
(  f  FAMILY! NODE) 

••  TP.N3.PFNT  AND  RCV.PCNT  ARE  THE  SUM  CF  TRANSMIT  AND  RECEIVE  FAC  TORS. 

•  •  GROUP  NUMBERS  AR  =  AODEO  TO  N.NCDE  TD  GET  PROGRAM  GROUP  NUMBER  §. 

••  family  numbers  ARF  ADOEO  TO  N.NOOE  «•  THE  HIGHEST  GROUP  NUMBER  TO 

!!  GET  the  PROGRAM  FAMILY  NUMBERS.  WITHIN  THE  SIMULATION,  GROUPS 

"  AND  FAMILIES  ARE  HANDLED  AS  IF  THEY  w£rE  SUPER-nCDES .  A  USEFUL 

••  ANALOGY  WOULD  3E  TO  ENVISION  MANY  SUB-NOOES  WITHIN  A  GROUP  OR 

I!  £.A.Uikv  SUPER-NODE.  ACCESS  TO  THE  SUB-NODES  IS  CONTROLLED  BY  THE 

•  •  SUPER-NOOE'S  "ADDRESS". 

FOR  I  «  1  TC  N.NOOE.  DO 

LET  TRNS.PCNT  *  TPNS.PCNT  ♦  TRANSMIT. PERCENT II) 

Vro5c.I-M"{.cUpSIii><;,‘T  *  »e«i*e.p«CE»T.n 
LET  GRPS  «  GROUP! I ) 

REGAROLESS 

•  • 

;  J  SET  PROGRAM  GRP  NUN 

LET  GROUP  III  «  GROUP  II)  ♦  N.NOOE 
L  OOP 

F ESEFVE  F AM .C F. GRP (* )  AS  (GRPS  ♦  N.NCDE  ♦  25) 

FOR  I  a  1  TC  N.NOOE,  00 
IF  FMLYS  LT  FAMILY! I ) 

re1g1rto^ss  ■  FAMILY,n 

I  • 

J J  SET  PROGRAM  FAM  NUN 

LET  FAMILY!!)  -  N.NOOE  ♦  GRPS  ♦  FAMILY(I) 


FAMILY 
(PGM  § ) 
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LET  FAM.OF.GRPIGROUPdH 
l  OOP 
LET  NGFS 
IF  SPE " 

FOR 


FAMILY!  I ) 
♦  FMLYS 


RECE IVE •PERCENT! I  )  , 
N.NOOE  -  GRPSi 


c 

»  « 
•  < 


N.NOOE  ♦  GRPS 
I^Y. OUTPUT  L5  1 
»  l  TC  N.NOOE,  CO 

PRINT  1  LINE  WITH  I,  TRANSMIT. PERCENT (I) ,  * 

(GROUP  ( 1 1  -  N.NOOE),  GROUP(I),  ( FAMILY! I ) 

ANO  FAMILY! 1 1  AS  FOLLOWS 

**  **.**♦  *«.***  **(**)  **(**) 

LOOP 

EGAPDL^SSUTPUT  LINS 

RECORD  THE  NETWORK  TOPOLOGY  BY  READING  THE  LINK  CONNECTIVITIES 

So8‘81S5"J  S^LTjr«i<!SSEf',‘v  “LL£° 1 '*««■•  «•»*  HA 

i  a 

: ESEF VE  LINKABLE!*,*)  AS  N.NOOE  eY  N.NOOE 
LET  LINKS  >0 
C0R  !  *  1  TO  N.NOOE,  00 
FOR  J  *  1  TO  N.NOOE,  00 
REAP  LINKABLE! I ,JJ 
IF  LINKABLE! I, J )  GT  0 
LET  LINKS  a  LINKS  l 
ALWAYS 
LOCP 
LOOP 

LET  LINKS  =>  INT.F(REAL.F!LINKS 
IE.F  ' 


L  FT  l INK. NODE. RATIO  *  REAL.F (L 

RESERVE  LI .NK.NR!*,*) 

LET  LINK. NR  *  1 
•  MCqe* 

o  faci'fm 

RFAO  TO 

LET  LI .NK.NR(FM.TO)  - 
LET  L  T  .NK  ,NP  (  TO.FiM )  = 

LET  LINK.  NF.  »  LINK. NR 
IF  LINK. NR  EC  31 
GO  t0  LABEL 
ALWAYS 
GO  TO  MORE 
• LABCL • 

,  , 

LET  MAX. LINKS. PEP .NODE  *  0 
RESERVE  NODE. COUNT!*,*)  AS 
I 


Inks? 


.0) 

/  REAL.F! N.NOOE) 


AS  N.NOOE  BY  N.NOOE 


LINK. NR 
LINK. NR 
♦  1 


l  FT 
l  ET 
LET 
LET 
LET 
LET 
FOR 


6  BY  N.NOOE 


1 
l 
1 
1 

l  TC  N.NOOE,  DO 
LET  COUNT  »  0 
FOP  J  a  l  TC  N.NOOE,  00 
Ic  L ! NK ABLE! 1 , J )  EC  1 
LET  CCLNT  a  COUNT  l 
ALWAYS 
LOG3 

IF  COUNT  EC  1 

LET  NOOS.CCUNT(COUNT,A) 
LET  A  a  A  ♦  I 
GO  TO  OUT 
ALWAYS 

IF  COUNT  EC  2 

LET  NODE .COUNT! COUNT , 8) 
L=T  B  «  a  *  l 
GO  TO  OUT 
ALWAYS 

IF  COUNT  =C  3 

LET  NODE • COUNT! COUNT, C) 
LET  C  •  C  ♦  l 


hr 


102 


PILE:  THESIS  SIMS 


A I  NAVAL  POSTGRADUATE  SCHOOL 


GO  TO  CUT 
ALWAYS 

IP  COUNT  EC  4 

LET  NOOE.COUNTICOUNT.OI  •  I 
LET  0  ■  0  ♦  X 
GO  TO  OUT 
ALWAYS 

IF  COUNT  Efl  5 

LET  NODE  .COUNT! COUNT* E)  -  I 
LET  E  «  E  ♦  1 
GO  TO  OUT 
ALWAYS 

IF  COUNT  EC  6 

LET  NOOt  .COUNT (COUNT . F )  -  I 
LET  F  -  F  ♦  l 
GO  to  OUT 
ALWAYS 

•  t 

•OUT* 

IF  COUNT  GT  FAX. LINKS. OER.NOCE 
LPT  MAX. LINKS. PER. NCOE  >  CCUNT 
ALWAYS 

LET  LlNKABLEn.il  «  CCUNT 
I  OOP 

•  • 

••  REAO  IN  THE  LINK  ATTENUATIONS  AND  STCRE  THESE  VALUES  IN  THE  2-0 I M- 
••  FNSICMi  REAL  ARRAY  CALLED  "ATTENUATION". 

•  • 

RESEFVE  ATTENUATION!*,*)  AS  N.NCDE  BY  N.NODE 
C0R  I  *  1  TC  N.NODE.  00 
FOR  J  *  1  TC  N.NODE.  00 

IF  I  NE  J  AND  LINKABLEd.J)  EQ  1 
REAO  ATTENUAT ION ( I , J) 

ALWAYS 


ofer 


••  WE  CAN  NCW  OPERATE  ON  THF  ATTENUATIONS  JUST  REAO  IN  TO  PRODUCE  THE 

••  "ENERGY"  ARRAY,  THE  ENTRIES  OF  WHICH  WILL  BE  A  REPRESENTATION  OF 

••  THE  ENERGY  PER  BIT  RSQUIPEO  TC  TRANSMIT  A  SIT  OF  DATA  OVER  A  PAR- 

••  TICULAR  LINK  WITH  A  GIVEN  ATTFNUATIQN.  THE  "NERGY"  ARRAY  IS  A 

••  COPY  OF  THE  ENERGY  ARRAY  THAT  WILL  SE  DESTRUCTIVELY  MANIPULATED 

II  WHEN  we  CALCULATE  the  LINK  WEIGHTS  BELOW. 

RESERVE  ENERGY!*,*)  AS  N.NOOE  BY  N.NCCE 
RESSPVE  MERC-Y!*,*)  AS  N  .MODE  BY  N.NOCE 
FOR  I  *  1  TC  N.NODE.  DC 
FOR  J  »  1  TC  N.NOOE,  00 


)R  J  »  1  TO  N.NOOE,  00 
IF  l  ME  J  AND  LINKABLE!! ,  J  )  EQ  1 

l£t  aojlstso.att  *  attenuaticnii.ji  -  ai.c 

LET  AC JLSTEO.ATT  *  AOJUSTEO.ATT  /  10. 0 
LET  EN  .ERGY  -  10.0  **  ADJUSTED. ATT 


L=T  ENERGY < I , J )  *  EN.ERGY 
L?T  NERGY! I , J )  *  EN.ERGY 
ALWAYS 
LOOP 
LOOP 
,  , 

••  SINCE  THE  LINK  ATTENUATIONS  IANC  THEREFORE  THE  REQUIRED  ENERGY  PER 
• •  BIT)  REMAIN  THE  SAME  FOR  ALL  RUNS  CF  THE  SIMULATION  WE  CAN  NOW 

•  •  "SCALE"  CR  "WEIGHT"  THE  LINKS.  THESE  "LINK . WE IGHTS"  ARE  ASSIGNED 

||  WEIGHTS  FROM  1.0  TO  128.0  ACCORDING  TO  A  GEOMETRIC  DISTRIBUTION. 

RESERVE  LINK. WEIGHT!*,*)  AS  N.NODE  BY  N.NCDE 
LET  WT  »  1000000.0 
l  ET  SUM  *  0 
'  CEARCH* 

eflR  I  «  1  TC  N.NODE,  00 
FOR  J  *  1  TC  N.NGOF,  og 

IF  I  NE  J  ANO  NcRGY  !I  ,J  I  LE  WT  AND  LINKABLEd.J)  EQ  1  ANC 


Li?Gw|IiJ|VERiY?f?J, 
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LINK. WEIGHTC IINOEX.J INDEX) 


LET  ! INDEX  «  I 
LET  JINCEX  »  J 
ALWAYS 
LOCP 
LOOP 

LET  SUM  =  SUM  ♦  1 
I F  SUM  LE  LINKS 

PEAO  LINK  .WEIGHT I II NDEX . J I NDEX ) 

let  link.weightuindex, IlNDEXI  « 
let  NERGYI I INCEX, JINDEX)  »  0.0 
LET  NEPGYIJINCEXfl INDEX  1  -  0.0 
LET  WT  =  ICOOOOO .3 
GO  TO  SEARCH 
ALWAYS 

t  « 

••  READ  THE  REMAINING  INPUT  PARAMETERS 
•  • 

c  EAO  TEST .DUPAT ION 
0  FAD  4AX.CKTS.IN.SIM 
PEAO  SLOTS 

READ  STARTING. MAX. SLOT. DEPTH 
c EAO  ENDING. MAX. SLOT. DEPTH 

LET  MAX. SLOT. CEFTH  *  STARTING. MAX. SLCT. DEPTH 
READ  SLOT. DURATION 
PEAO  PROCESSING. TIMS 
P  FAO  PROP  .DELAY. TIME 
R F AO  MEAN. CKT.ESTAB 
LET  NODAL. MEAN. CKT.ESTAB 
I  ET  MEAN. CKT.ESTAB  *  MEAN.CKT. ESfAB 
READ  MEAN.OLPATION.OF.CKT 
PEAO  UP. DATE. PERIOD 
TF  ROUTING. ALGORITHM. SELECTOR  EO  2  AAC  UP. DATE. PERIOD  LE  TEST .DURATI ON 
LET  UP. DATE. PERIOD  »  TFST. DURATION  ♦  1.0 
ALWAYS 

R  EAO  RE. PORT. PERIOD 
L  FT  STARTER  *  I 

*•  I N. GROUP  MEANS  THE  PERCENTAGE  OF  GENERATEO  CIRCUIT  REQUIREMENTS 
••  THAT  WILL  NOT  LEAVE  ITS  BASIC  GROUP?  SIMILARLY  FCR  IN. FAMILY. 

«•  MOTE:  IF  ALL  NODES  ARE  SPECIFIED  TG  BE  MEMBERS  OF  THE  SAME  GROUP 

••  ANO  FAMILY  THEN  VALUES  CF  IN.GROUP  ANO  IN. FAMILY  ARE  IGNORED  8Y 

• '  THE  PROGRAM. 


..^AN.^KT.fSTAB 


REAL. FIN. NODE! 


FEAD  IN. GROUP 
e  EAO  IN. FAMILY 


BRK.X.  PC  INT  ANO_aRK. Y. POINT. Uj|CATE_TH 


TO  CALCULATE  THE  NODE  WEIGHT 
ROUTING  ROUTE  CALCULATION. 


"KNEE"  OF  THE  CURVE  USED 


WHICH  IS  USED  IN  THE  DYNAMIC 


R  EAD  BRK.X. PC  INT 
R  SAO  BPK.Y.FCINT 
READ  .NOOE. MAX. SCALE. WEIGHT 
0  SScPVS  BEST  .PATH!*  I  AS  N.NODE  BY  N.NOCE 
rOR  I  *  1  TC  N.NODE,  00 
FOP  J  a  1  TC  N.NODE.  00 
AEAO  BEST . p&TH ( l , J ) 

LOOP 

LOOP 

•  V 

• •  PRINT  ALL  INPUT  DATA  AS  THE  OUTPUT  HEAOER* 
• •  "ECHO. PRINT. INPUT. DATA"  ROUTINE. 

•  i 

IF  SPECIFY. OUTPUT  LE  1 
■  • 

PERFORM  ECHD. PRINT. INPUT. OAT A 

•  i 

REGAR0L5SS 

PELEASE  NO0E. COUNT <*,*» 

0  ELcASE  NERGY I* ,* ) 


THIS  IS  OONE  BY  THE 


I 
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P  ETUPN 

cNO  "OF  HOUSEKEEPING 

•  i 

••  THIS  RCLTINE  IS  CALLED  ONLY  BY  THE  HOUSEKEEPING  ROUTINE  ANO  THEN 
»  •  ONLY  WHEN  WE  OESIRE  AN  ECHO  PRINT  CF  SOME  OF  THE  INPUT  OATA. 

•  • 

BOUTINS  FOR  ECHO. PRINT. INPUT. OATA 
•  • 

SKIP  1  OUTPUT  LINE 
IF  ROUTING. ALGORITHM. SELECTOR  EQ  1 
PRINT  3  LINES  AS  FOLLOWS 


THIS  SIMULATION  IS  FOR  DYNAMIC  BEST  PATH  ROUTING 


SKIP  1  OUTPUT  LINE 
ALWAYS 

IF  ROUTING. ALGORITHM. SELECTOR  EQ  2 
PRINT  3  LINES  AS  FOLLOWS 


THIS  SIMULATION  IS  FOR  STATIC  BEST  PATH  LEAST  HOP  ROUTING 


SKIP  1  OUTPUT  LINE 
ALWAYS 

PRINT  1  LINS  WITH  N .NODE  AS  FOLLOWS 
thf  number  CF  NCOES  IN  THE  NETWORK  IS  ** 

SKIP  1  OUTPUT  LINE 

•  i 

PRINT  1  LINE  WITH  LINKS  AS  FOLLOWS 
THE  NUMBER  OF  LINKS  IN  THE  NETWORK  IS  ** 

SKIP  1  OUTPUT  LINE 

•  • 

PRINT  1  LINE  WITH  L I NK. NODE . RATI Q  AS  FOLLOWS 
THE  PATIO  OF  LINKS  TO  NCOES  FOR  THE  NETWORK  IS  **.**** 
f fSKIP  1  OUTPUT  LINE 

PRINT  2  LINES  WITH  TEST  .DllR  AT  ION  ANO  MAX.CKTS.IN.SIM  AS  FOLLOWS 
THE  SIMULATION  WILL  RUN  FOR  A  SIMULATION  TIME  OF  ♦***.*•  SECONDS, 

OR  UNTIL  SUCH  TIME  AS  WE  HAVE  ATTEMPTED  TO  ESTABLISH  *****  CIRCUITS. 
SKIP  1  OUTPUT  LINE 

•  i 

PRINT  1  LINE  WITH  SLOTS  AS  FOLLOWS 
THE  NUMBER  CF  TIME  SLOTS  PER  FRAME  »  ** 

SKIP  l  OUTPUT  LINE 

•  , 

PRINT  5  LINES  WITH  STARTING. MAX. SLOT. DEPTH  AND  ENDING .MAX . SLOT .DEPTH 

TIMEASLOT^LUSEO  TO  RECEIVE  MAY  BE  ALLOWED  TC  RECEIVE  BETWEEN  **  AND  ** 
SIGNALS  SIMULTANEOUSLY.  THE  ACTUAL  DEPTH  OF  THE  "USE"  ARRAY  FOR 
EACH  NODE  IS  ALWAYS  ONE  LEVEL  GREATER  THAN  THE  ASSIGNED  MAX. SLOT. DEPTH 
BECAUSE  OF  THE  REQUIREMENT  TO  ALWAYS  BE  ABLE  TO  RECEIVE  POSSIBLE 
I NTERNGOAL  SERVICE  MESSAGES  IN  NCN-TRANSMIT  SLOTS. 

SKIP  l  OUTPUT  LINE 

,  , 

PRINT  1  LINE  WITH  MAX. L  INKS  .  PER. NOOE  ANC  MAX. LINKS. PER.NOCE  AS  FOLLOWS 
THERE  IS  AT  LEAST  ONE  NODE  MAINTAINING  *  LINKS  WITH  *  OTHER  NODES. 

SKIP  1  OUTPUT  LINE 
FOP  I  *  l  TC  6,  DO 

IF  NOOE.CCUNTU.l  »  NE  0  .... 

PRINT  2  LINES  WITH  I  AND  I  AS  FOLLOWS 
THE  FOLLOWING  NODE (S)  CLAIM(S)  *  NEIGHBORS  <I.E.  MAINTAINS  *  LINKS): 


NOOE ( S  ) 
FOR  J 
IF  N 


R  J  *  1  TO  N.NODE,  00 

^sHF^awA  wy° 0 

GO  TO  RESUME 
ALWAYS 

PRINT  1  LINE  WITH  NOOE. COUNT ( It J)  AS  FCLLOWS 


ALWAYS 
' RESUME* 


** 

LOOP 

SKIP  1  OUTPUT  LINE 
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LOCP 

SKIP  1  OUTPUT  LINE 

•  • 

P 3 !NT  5  LINES  AS  FOLLOWS 
THE  CONTENTS  CP  THE  ATTENUATION  ARRAY  ARE: 

♦TO  1234 

F  ROM+ 


FOP  T  *  1  TC  N.NOOE,  CO 

PRINT  1  LINE  WITH  I,  ATTENU AT  ION ( I « 1 ) ,  ATTENUAT ION  1 1 ,2 ) , 

ATT EMU AT  ICN( 1*3)*  A TTENU AT  ION (I  ,4 ) ,  ATTENUAT ION ! I , 5 ) , 
ATTENUATICN(I,6I  ANC  ATTENUATION! 1.7)  as  follows 

**  v  *****.**  *****.**  *****.**  *****.**  *****.**  *****.**  *v***.** 

LOOP 

SKIP  I  OUTPUT  LINE 
PRINT  5  LINES  AS  cCLLOWS 
ATTENUAT  ICN  ARRAY  (CONT.I: 

♦TO  8  9 

FROH+ 

FOR  T  =  1  TC  N. NOTE •  00 

PRINT  1  LINS  WITH  I,  ATT ENU AT  ICN  II , 8 ) .  ATTENUAT ION ! I ,9 ) , 

ATTENUATION! I .1C) ,  ATT ENU AT  ION < 1 , 11 1 1  ATTENUATION  1 1 , 12 )  ANO 
ATTENUATICNI 1,13)  AS  FOLLOWS 

**  +  *****.**  *****.**  **«•*.**  *****.**  *****.**  *****.** 

LOOP 

SKIP  2  OUTPUT  LINES 


10 


11 


12 


13 


PRINT  5  LINES  AS  FOLLOWS 
T  Hc  CONTENTS  CF  THE  ENERGY  ARRAY  ARE: 

%T0  I  2  3 

FROM* 


FOP  I  «  1  TC  N.NOOE,  00 
PRINT  l  LINE  WITH  I 
ENERGY ( I 

**  ♦  ****** 

LOC° 

SKIP  l  OUTPUT  LINE 
PRINT  5  LINES  AS  FOLLCWS 
f  NERGY  ARRAY  (CCMT.): 

♦  TO  8  9 

f  RQH* 


L  ry.uL'u; ,  lu 

INE  WITH  I,  EN*RGY!I,1),  ENERGY! 1.2),  ENERGY! 1,3), 

1.4),  ENERGY  1 1*5),  ENERGY! 1, 6)  ANO  ENERGY! 1,7)  AS  FOLLOWS 

.*  **«*«*.*  •♦4#**.*  )*•»**.,  ***«»*.*  ******,4  «**«**,* 


10 


11 


12 


13 


FOP  I  =  1  TC  N.NOOE,  DO 

PRINT  1  LINE  WItH  I,  ENS RG Y ( 1 , 8 )  ,  ENERGY! 1 ,9) ,  ENERGY! 1 .10) , 
ENERGY!!, HI,  ENERGY!!, 12)  ANO  ENERGY ( I  ,13)  AS  FOLLOWS 

**  *■  *44*4*.*  **44*4.*  4*****.*:  ******.*  4**4**.*  ******.* 


LOCP 
SKIP  2 


OUTPUT  LINES 


PRINT  5  LINES  AS  FOLLOWS 
THE  CONTENTS  CF  THE  LINK. WEIGHT  ARRAY  ARE: 

♦TO  1234 

f  RQM» 


FOR  I  =  1  TC  N.NOOF,  00 

PRINT  1  LINE  WITH  I,  L! NK . WEI GHT  ( I  ,  l )  ,  L I NK .WE  IGF  -  1 1 , 2 )  , 
LINK.WEIGHTII.3I,  L I NK.WE  IGHT  11,4),  L  INK • wE I GHT (1,5), 

L INK .WE IGH1 ! I ,6 )  ANO  LINK. WE IGHT! I , 7)  AS  FOLLOWS 

**  +  ******.*  4***4*. •  «*****.«  ***»**.«  **••**.*  »*«***.*  •***»*.* 

LOOP 

SKIP  l  OUTPUT  LINS 
PRINT  5  LINES  AS  FOLLCWS 
LINK. WEIGHT  ARRAY  (CONT.): 

♦TO  8  9  10  11  12  13 


1  OB 


:n  o 


e  ILSs  THSSIS  SIMS 
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PROM* 

FOR  I  =  1  TO  N.NOOE,  00 

PRINT  I  LINE  WITH  I,  LINK . WF TGHT { I, 8 ) ,  L INK .WE IGHT C 1 , 9 )  . 

LINK. WEIGHT! 1,10)  .  LINK. WEIGHT  ( 1, 11 1 ,  L INK. WEIGHT < I , 1 2 J  AND 
L INK  .WE  IGHT (1.13)  AS  FOLLOWS 

**  *  ****«*.»  ******.*  «**«**.*  ««****.*  ******.*  *•****.« 

LOOP 
«KIP 


«.  OUTPUT  LINES 

fF  ROUTING. ALGORITHM. SELECTOR  EG  2 
PRINT  6  LINES  AS  FOLLOWS 
THE  CONTENTS  CF  THE  STATIC  BEST  PATH  MATRIX  USED  THROUGHOUT  THIS  LEAST 


HOP  SIMULATION  ARE: 

♦TO  1  23 

c  ROM* 


a 


10 


li 


12 


13 


DO 


FOP  1=1  TC  N.NOOE 
PRINT  1  LINE  WITH 
BEST. PATH! 1,3)  , 

BEST .PATH! 1,7),  _  .  _ 

T. PATH! 1 ,11)  ,  BEST. PATH! 
*»  **  **  **  ** 


BEST. PATH ( I , 1 ) 
T .PATH! I  -  - 


B 

M  *  «* 

LOOP 
SKIP  2 
ALWAYS 


T .PATH!  I, 7  )  f  BEST.PATHUjB^ 


H ( I , 1 ) ,  BEST .PATH! 1,2),  .  . 

,4),  BEST. PATH! I ,5) ,  BES T.PATH( I , 6 
,8).  BEST. PATH! 1,9),  BEST. PATH! 1,1 


) 

** 


_ jrnmuni,  DC,  I  .  r  M  ... 

AND  BEST. PATH! 1,13 )  AS  FOLLOW 

«*  **  **  **  **  ** 


lo|, 


OUTPUT  LINES 


'HP 

THE 

NEW 

A 


PRINT  15  LINES  WITH  SLOT.OlJR  ATI  ON,  PROCESS  I NG  .T I  ME ,  PROP  .  CELAY  .TIME , 
MC.AN.CKT.ESTAB  ,  NODAL. MEAN. CKT.ESTAB,  MEAN  .DUR  AT  ION. OF  .CKT  AND 
UP. DATE. PERIOD  ANO  RE  .PORT . PE R 10 C  AS  FOLLOWS 
IMING  °ARAMtTERS  (MOTE:  UNITS  CF  TIME  IN  PROGRAM  AND  BELOW  ARE  SECONCS) 
THE  DURATION  OF  A  TIME  SLOT  IS  *.*»*♦** 

~  ‘  PROCESSING  TIME  FOR  A  VCICE  PACKET  CR  SERVICE  MESSAGE  IS  *.♦****• 
PROPAGATION  DELAY  TIME  BETWEEN  ANY  TWO  NODES  IS  *.♦****• 
REQUIREMENTS  FOR  VOICE  CIRCUITS  ARE  GENERATED  OVER  THE  NETWORK  AS 
WHOLE  WITH  AN  EXPONENTIAL  DISTRIBUTION  FUNCTION  HAVING  A  MEAN  TIME 
PETWEFN  CIRCUIT  REQUIREMENTS  OF  ***.******  SECONDS,  AND  THE  MEAN 
TIME  BETWEEN  THE  OR IG I NAT I CN  QF  THE  NEW  CIRCUIT  REQUIREMENTS  FOR 
EACH  NOCE  IN  THE  NETWORK  IS  ***.«*****  SECCNDS. 

ONCE  ESTABLISHED,  TWO-WAY  VIRTUAL  VCICE  CIRCUITS  REMAIN  IN  EFFECT  AS 
DETERMINED  BY  AN  EXPONENTIAL  DISTRIBUTION  FUNCTION  HAVING  A  MEAN 
CALL  DURATION  OF  ***. ******  SECONDS. 

IF  WE  ARE  RCJTING  DYNAMICALLY,  THEN  THE  D IJKSTRA  ROUTING  EVENT  UPDATES 
BEST  PATH  ROUTE  INFORMATION  EVERY  ***.******  SECONDS. 

THF  PROGRAM  PRINTS  INTERMEDIATE  RESULTS  EVERY  ***.*•****  SECONDS. 

SKIP  1  OUTPUT  LINE 

,  • 

PRINT  4  LINES  WITH  IN. GROUP  AND  IN. FAMILY  AS  FOLLOWS 

AT  LEAST  **.*?  CF  CIRCUIT  REQUIREMENTS  ARE  BETWEEN  NODES  IN  THE  SAME 

BASIC  GROUP. 

AT  LEAST  **.+%  OF  CIRCUIT  REQUIREMENTS  ARE  BETWEEN  NOOES  IN  THE  SAME 

FAMILY. 

SKIP  1  OUTPUT  LINE 


PRINT  *  LINES  WITH  NODE .MA X. SCALE . WEI GHT ,  BRK.X. POINT  AND  8RK.Y. POINT 
AS  FOLLOWS 

WHEN  WE  ARE  SIMULATING  CYNAMIC  POUTING, 

THE  MAXIMUM  NCOS  SCALE  WEIGHT  *  ******.* 

THE  X-CCORCINATE  OF  THE  NOCE  - 

THE  Y-COORCINATE  OF  THE  NODE 
SKIP  1  OUTPUT  LINS 


WEIGHT 

WEIGHT 


BREAK 

BREAK 


POINT 

PCINT 


IS 

IS: 


BIN  NR. 


**** 

**** 


ETURN 
NO  "QF 


ECHO  .PRINT. INPUT. DATA 


THIS  R  CUT  INS  RESERVES  AND 
OYNAMIC  ROUTING  PORTION 


SETS  UP  THE  ARRAYS 
CF  THE  PROGRAM. 


ASSOCIATED  WITH  THE 


ROUTINE 

,  , 


FOR  ARRAY. INITIALIZATION 


•  • 
t  t 


THE  DIJKSTRA  ARRAY  HOLDS  A  REAL  NON-NEGATIVE  NUMBER  INDICATING  THE 
fOTAL  OVERALL  LINK  "DISTANCE"  FROM  EACH  NODE  TO  EVERY  OTHER  NODE 


e ILEs  THESIS  SIMS 
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•»  IN  THE  NETWORK.  INITIALLY.  If  A  DIRECT  LINK  EXISTS  BETWEEN  TWO 

•«  NOOES  wf  SHALL  ASSIGN  A  VALUE  CP  1.0  AND  IF  A  OIRECT  LINK  DOES 

"  NOT  EXIST,  WE  SHALL  ASSIGN  A  VALUE  OF  999999.9,  THE  VALUES  IN 

'•  THIS  ARRAY  WILL  CHANGE  DURING  THE  SIMULATION  AS  INDIVIDUAL  LINK 

'•  WEIGHTS  CHANG?  TC  REFLECT  VARYING  DEGREES  OF  LINK,  NODE  AND  NET- 

•  •  WORK  LOADING. 

•  . 

1EFINE  SL0PE1  AND  SL0PE2  AS  REAL  VARIABLES 

•  i 

RESERVE  01 JKSTRAI*,* )  AS  N.NODE  BY  N.NOOE 
FOR  I  *  1  TC  N.NOOE,  00 
FOR  J  =  1  TO  N.NOOE,  00 
IF  I  EO  J 

LET  D  I  JKSTRAI I , J )  «  0.1 
ALWAYS 

IF  I  NE  J  AND  LINKABLE! I , J )  EO  0 
LET  0  I  JKSTRAI I , J)  *  999999.9 
ALWAYS 

IF  I  NE  J  AND  LINKABLE! I, J)  EQ  1 
LET  01 JKSTRA ( I , J )  »  1.0 
ALWAYS 
LOOP 
LOOP 
,  , 

' •  THE  DISTANCE  ARRAY  HOLDS  A  REAL  NON-NEGATIVE  NUMBER  REPRESENTING 
*•  THE  "DISTANCE"  OVER  ONE  LINK  FROM  CNE  NOCE  TO  ONE  OF  ITS  NEIGH- 
••  SORING  NODES.  INITIALLY,  ALL  LINK  WEIGHTS  ARE  SET  TC  1.0  ON  THE 

•*  DIRECT  LINKS  ANO  TO  A  LARGS,  POSITIVE  REAL  NUMBER  WHEN  NO  DIRECT 

• •  LINK  EXISTS. 

,  , 

RESERVE  OISTANCEl*.*)  AS  N.NOOE  BY  N.NODE 
ROR  I  -  1  TC  N.NODE,  DO 
FOR  J  «  1  TC  N.NOOE,  00 

LET  0 1  STANCE! I , J )  »  0 14KSTP A < 1 , J  ) 

LOOP 

LOCP 

*»  THE  SEST .PATH  ARRAY  HQLOS  AN  INTEGER  NCOE  IDENTIFICATION  NUMBER  OF 
••  THF  SEST  PATH  NEIGHBOR  FROM  ANY  GIVEN  NODE  TO  ANY  OTHER  NODE  IN 

••  THE  NETWORK.  UNTIL  SUCH  TIME  AS  THE  "D I JK .MANI PULAT ICN"  EVENT  IS 

••  CALLSO  ,  WE  CAN  ONLY  ASSIGN  THE  DIRECT  LINKS  AS  SINGLE  HOP  BEST 

*  •  PATHS. 


RESERVE  BEST. PATH!*,*)  AS  N.NODE  BY  N.NODE 
FOR  I  *  1  TC  N.NOOE,  00 
FOR  J  *  1  TC  N.NOOE,  00 
IF  LINKABLEU.JI  EQ  I 
LET  BEST .PATH! I , J I  »  J 
ALWAYS 
LOOP 
LOOP 
,  , 

•»  THE  NOCE. SCALE  ARRAY  HOLOS  THE  SCALEO  VALUE  OF  THE  NOOE  WEIGHT 
• •  SCALED  INTO  "SINS"  NUMBERED  FROM  1  TQ  128.  THESE  SCALED  WEIGHTS 

'*  ARE  USED  IN  THE  CALCULATION  OF  THE  LINK  DISTANCES  IN  THE  COM- 

•'  PUTE  .CURRENT. OISTANCES  ROUTINE. 

,  , 

RESERVE  NOOE  .SCALE  I* I  AS  128 
IF  RRK.X. POINT  EQ  0  OR  8RK.X.PCINT  EC  1 
L'T  BPK.X.FCINT  *  1 
GO  TO  ASSIGN. VALUES 
ALWAYS 

FOP  I  *  1  TC  BRK.X. POINT,  00  .  _ , 

IPT  SLOPE1  *  RCAI .P/BRK.Y. POINT)  /  REAL- FfBRK.X. POINT) 


LET  NOOE. SCALE! II  *  SL0PS1 
IF  NOOc.SCALSU)  EO  0.0 
LET  NOOE.SCALEU)  «  0.0 
ALWAYS 
L  OOP 

•  ASSIGN. VALUES* 


OPK.Y. POINT)  /  REAL. FIBRK.X. POINT) 


REAL. F!I) 


IF  BRK.X. POINT  LS  127 

LET  SL0PE2  •  INOOE. MAX.SCALE. WEIGHT  -  REAL. FI8RK.Y. POINT) 


108 


PILE:  THESIS  SIMS 


A1  NAVAL  POSTGR ACUAT  E  SCHOOL 


REAL. FJPPK.X. POINT) ) 

POP  I  *  (RRK.X. POINT  ♦  1)  TO  128.  CO 

LET  NOOE.SCALE! I)  «  (SLOPE2  *  REAL. E(I  -  BRK.X. POINT ) I  ♦ 
REAL. P(8RK.Y. POINT) 

LOOP 

ALWAYS 

«  t 

••  PRINT  Tt-ESE  ARRAYS  TO  ENSURE  THEY  WERE  SET  UP  PROPERLY. 

•  . 

IF  SPECIFY. OUTPUT  FQ  0  AND  PRT  LT 
PRINT  1  LINE  WITH  TIME.V  4S.FCL 


3 

CWS. 
AT 


kb 


ARRAY. INITIALIZATION  ROUTINE  CALL 
SKIP  1  OUTPUT  LINE 
PRINT  5  LINE;  AS  FOLLOWS 
THE  CONTENTS  OF  THE  OIJKSTRA  MATRIX  AREt 

♦TO  1  2  3 

F  ROM* 


TIME.V  ■  ****.****** 


FOR  I  a  1  TO  N.NOOE .  CO 

PRINT  1  LINE  WITH  I,  OIJKSTRA! 1.1).  OIJKSTRA! 1.2).  01 JK STRA 1 1 ,3 ) , 
01 JKSTRA! 1,41 .  0 1 JKSTR A ( I ,5 ) .  CIJKSTRA! 1,6)  AND  OIJKSTRA! 1.7) 

AS  FOLLOWS 

**  +  ******,*  ******.*  ******.*  ******.*  ******.*  ******.*  «*****.« 

LOOP 

SKIP  1  OUTPUT  LINE 

PRINT  5  LINES  AS  FOLLOWS 

CONTENTS  OF  THE  OIJKSTRA  MATRIX  tCCNT.): 

♦TO  8  9  10  11  12  13 

p  ROM* 

FOR  I  »  1  TC  N.NCOE,  CO 

PRINT  1  LINE  WITH  I,  DI JKSTRA! 1.8).  0 1 JKSTRA! I ,9 ) ,  01 JKSTRA 1 1,10) , 
OIJKSTRAU.il),  0 1  JKSTRA  !  I  ,  12 )  ANO  01  JKSTRA  ( I  ,  13 )  AS  FCLLOwS 

*v  ♦  #***♦*.*  ****♦*.•  ******.*  ****#*.♦  *«****.«  ******.* 

LOOP 

SKIP  2  OUTPUT  LINES 

t  < 

PRINT  5  LINES  AS  FOLLOWS 
THE  CONTENTS  CF  THE  DISTANCE  MATRIX  APE: 


♦TO 
P  POM* 


1 


FOP  I  =  1  TO  N.NOOE,  CO 


AS  'r'Ji^cws 


*  ******.*  ******.*  ******.*  «*»***.*  «*****.«  ******.* 


*  ** 

LOOP 

SKIP  l  OUTPUT  LINE 

PRINT  5  LINES  AS  FOLLOWS 

CONTENTS  CF  the  DISTANCE  MATRIX  (CCNT.): 

♦TO  8  9  10  11 

PROM* 


12 


** 


POF  I  *  l  TC  N.NOOE,  CO 

PRINT  l  LINE  WITH  I,  DISTANCE!  I,  8),  0  ISTANCE!  1 , 9 ) ,  OISTANCEU, 
DISTANCE!  1,11 1,  OISTANCEU,  12)  ANO  CISTANCE!  1, 13  )  AS  FOLLOWS 

♦  *4***4,*  ****»*,♦  ****** .4  «*****.«  ******,*  *«*»**,* 


DISTANCE! 1. 10), 


LOOP 
SKI  P 


2  OUTPUT  LINES 


PRINT  5  LINES  AS  FOLLOWS 
THE  CONTENTS  OF  THE  BEST. PATH  MATRIX  ARE: 

**T0  1  2  3  4  5  6  7 

PROM* 

’"FOR  I”“7i”to”S7no5I7”dO 


10  11  12  13 


109 


F ILSs  THESIS  SIMS  Al  NAVAL  POSTGRADUATE  SCHOOL 


PRINT  1  LINE  WITH  I,  BEST . PATHC 1,1),  BE  ST . PATH ( I  ,  2)  ,  BEST. PATH! I  ,31, 
BEST.PATHtI,4I,  B£ST.PATH(I,5»  ,  BEST.PATh(I,6),  BEST. PATH < I .7) , 
BEST.PATHU  ,8)  ,  BEST. PATH) !  ,<))  ,  BEST. PATH  < I  ,10)  ,  BEST .PATH( 1 , 1 1 ) , 
BEST. PATH(  1,12)  ANO  BEST.PATHU  ,13)  AS  FOLLOWS 

**  v  **  *»  **  4«  **  **  **  **  **  **  **  **  ** 

LOnp 

SKIP  2  OUTPUT  LINES 
=  EGAPOLSSS 

•  i 

IF  SPECIFY. OUTPUT  EQ  0  ANO  PRT  LE  3  AND  MAX. SLOT. OEPTH  EG 
STARTING. MAX. SLOT. OEPTH 
PRINT  2  LINES  AS  FOLLOWS 
THE  CONTENTS  OF  THE  NODE. SCALE  ARRAY  ARE: 

CALCULATED  VALUE  (BIN  NR.)  SCALED  VALUE  (BIN  CONTENTS) 

FOR  I  »  1  TC  128.  00 

PRINT  1  LINE  WITH  I  ANO  NODE. SCALE) I )  AS  FOLLOWS 

»***  ****.** 

LOOP 

SKIP  2  OUTPUT  LINES 

,  • 

REGAROLSSS 

,  , 

Q ETUPN 

c NO  "OF  ARRAY. INITIALIZATION 
,  * 

••  THIS  PCUTINE  HALTS  THE  PROGRAM  AND  PRINTS  IMPORTANT  STATISTICS 
• '  AT  PERIOCIC  INTERVALS  THRCUGHCUT  THE  SIMULATION. 

,  • 

c VENT  STOP. SIMULATION 

,  i 

define  act. cap  as  a  p.eal  variable 

LET  REPORT. COUNTER  *  RE  FORT . COUNTER  ♦  1 

■  , 

IF  TIME.V  G5  TEST .DURATION 
LET  PRNT  *  1 
ALWAYS 

IF  REPORT.CCLNTER  EO  1 


AND  MAX. SLOT. DEPTH  EQ 


PRINT 
5  EPORT 
D.DEV 
PRINT 
NUMR PR 
T  IVF 
PRINT 


OGUeLE  LINE  AS  FOLLOWS 


TIME.V 

MAX 


AVG  CKTS  AVG  NR 


OCUBLE  UNF  AS  FOLLOWS 


EQUALS 
ACTIVE 
1  OGUBLE 


ACTIVE 


ACTIVE 

LINE  AS  FOLLOWS 


ACTIVE 


ENERGY  ACTIVE 


VARIANCE 


ACTIVE 


SKIP  1  OUTPUT  LINE 

LET  AVG. ACTIVE  »  RE AL .F ( ACT  I VE) 

GO  TO  LEAVE. THIS. CALCULATION 
ALWAYS 

LET  AVG. ACTIVE  =  (REAL.F<  ACTIVE)  ♦  AVG. ACTIVE)  /  2.0 
' LEAVF. THIS. CALCULATION* 

LET  FRACT. OF. SUCCESSFUL  .CALLS  »  CR EAl  .F ( CKT  .ESTAB »  /  RE AL. F ( CKT. TOTAL 
U®. ROUTE)  )  *  100.0 

i  t 

IF  LTO. PRINT  EQ  1 

PRINT  1  DOUBLE  LINE  WITH 
HOP. AVG,  (F. SUB. K. BAR  / 

CUM. STD. DEVIATION,  MAX. 

***  ***♦.*  *** 

*.**  ***.♦ 

SKIP  1  OUTPUT  LINE 
IF  TIME.V  GE  TEST. DURATION 
GO  TO  FULL. REPORT 

always 

GO  TO  DEPARTURE 
ALWAYS 
,  , 

*  FULL. REPORT* 

\  ITSPEcIf^OUTPU?  LT  1  ANO  "RNT  LE  5 


REPORT. COUNTER,  TIME.V,  ACTIVE,  AVG. ACTIVE, 
100000.0),  CUM. MEAN.  CUM. VARIANCE, 


100000.0),  CUM. MEAN,  CUM. VAR  I ANCE, 
ACTIVE  ANC  MIN. ACTIVE  AS  FOLLOWS 

«**.«»  »*.**  **.*•  **».** 


*«*.** 
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.REMOVE. 


START  NEW  PAGE 

PBINT  1  LINE  WITH  R EP CR T. COUNTER  ANC  TIKE.V  AS  FOLLOWS 
XXXXX  START  INTERMEDIATE  REPORT  NR.  ****  FOR  TIME.V  »  ****.******  XXXXX 
SKI0  2  OUTPUT  LINES 

PRINT  49  LINES  WlfH  C XT. SUM.  CKT. TOTAL,  CKT.ESTAB.  CKT .0 1 SESTAB, 

CKT. FAILED.  TOT. DIJK. CALLED,  BACKTRACK. OR. LOOPBACK,  ACT . LOOP .REMOVE, 
UP. ROUTE,  DOWN. ROUTE,  AG.TJVE,  HOP.AVG,  TOT  .HOP. GREATEST, 

HOP. GREATEST,  CKT. GREATEST  ,  AVG. T  IME . EST,  LGNG.TIME.EST, 

CKT. LONG. TIME. EST,  AVG. DURATION,  P. BO .COUNTER ,  AVG. P. BO,  LONG. P. BO, 

C. BO. COUNTER,  AVG. C. BO.  LONG. C. PC,  AVG. 80. TIME,  MAX. SLOT. DEPTH, 

AVG. ACTIVE,  PRACT.CF. SUCCE SSFUL. CALLS , 

(100.0  -  FRACT.nc. SUCCESSFUL. CALLS!  AND  E. SUB. K. BAR  AS  FOLLOWS 
OVERALL  CUMULATIVE  STATISTICS  FCR  THIS  RUN  OF  THE  SIMULATION J 

TOTAL  NUMeER  OF  CIRCUIT  REQUIREMENTS  GENERATED  «  *****  3 

TOTAL  NUMBER  OF  CIRCUIT  REQUIREMENTS  GENERATED  *  *****  * 

TOTAL  NUMB=R  OF  CIRCUITS  ESTABLISHED  »  *****  4 

TOTAL  NUMBER  OF  CIRCUITS  THAT  WERE  CNCE  ESTABLISHED  AND 

THAT  HAVE  NOW  BEEN  DISESTABLISHED  ■  *****  * 

TOTAL  NUMBER  OF  CIRCUITS  UNABLE  TO  BE  ESTABLISHED  *  *****  * 

THF  TOTAL  NU"8SP  DF  TIMES  THE  DI JK . MANI PULA T  ICN  EVENT  HAS  BEEN  CALLED 
TO  UPDATE  THE  BEST  PATH  ROUTES  -  ******  3' 

THE  TOTAL  NUMBER  OF  CIRCUITS  THAT  WERE  FOUND  TO  BACKTRACK  CR  TO  LOOP 
BACK  ACROSS  THEMSELVES  AS  A  PFSULT  OF  UPDATED  BEST  PATHS  -  ***  * 

AT  THIS  INSTANT  THERE  ARE: 

**  VIRTUAL  CIRCUITS  IN  THE  PRGCES2-  OF  REMOVING  LOOPS 
**  VIRTLAL  CIRCUITS  IN  THE  PROCESS  OF  BflNG  ESTABLISHED 
**  VIRTUAL  CIRCUITS  IN  THS  PROCESS  OF  BilNG  DISESTABLISHED 
**  VIRTUAL  CIRCUITS  ESTABLISHED  AND  ACTIVELY  CARRYING  VOICE  TRAFFIC 
CUMULATIVE  STATISTICS  CONCERNING  ESTABLISHED  CIRCUITS: 

AVF9AGF  NUMBER  OF  HOPS  PER  ESTABLISHED  CIRCUIT  *  **.***  * 

**  CIRCUIT(S)  TOOK  THE  LARGEST  NUMBER  CF  HOPS,  I.E.  **.*  HOPS  TO  4 
ESTABLISH  THE  VIRTUAL  CIRCUIT.  CIRCUIT  NR.  *****  IS  THE  MOST  RECENT 
CIRCUIT  TC  USc  THE  LARGEST  NUM8ER  OF  HOPS.  4 

AVFRAGE  TIM?  TO  ESTABLISH  A  CIRCUIT  *  **.******  SECONDS  4 

LONGEST  TIMF  TO  ESTABLISH  A  CIPCLIT  *  **.******  FOR  CKT. NR  *****  * 

ACTUAL  OBSERVED  AVo. OUP AT  ION  CF  AN  ESTABLISHED  CIRCUIT  -  ****.******  * 
CUMULATIVE  STATISTICS  CONCERNING  DISESTABLISHED  CIRCUITS: 

PARTIALLY  ESTABLISHED  CIRCUITS: 

TOTAL  NUMBER  OF  ONCE  PARTIALLY  ESTABLISHED  CIRCUITS 

THAT  HAVE  NOW  BEEN  BPOKEN  DCWN  *  *****  4 

AVER AGF  TIM?  TO  CREAK  0°WN  A  PARTIAL  CIRCUIT  *  **.*•*♦**  # 

LONGEST  TIM;  TO  CREAK  DOWN  A  PARTIAL  CIRCUIT  »  **.******  « 

ONCE  FULLY  ESTABLISHED  CIRCUITS: 

TOTAL  NU*e?R  OF  nNCE  FULLY  FS TAP l  ISHEC  CIRCUITS 

THAT  HAVE  NOW  BEEN  SPOKEN  DOWN  =  *****  * 

AVERAGE  TIME  TC  CREAK  OuhN  A  CCMPLETEC  CIRCUIT  *  **.******  # 

LONGe ST  TIME  tc  BREAK  DOWN  A  COMPLETED  CIRCUIT  *  **.******  * 

OVERALL  STATS  ON  ALL  CIRCUITS  DISESTABLISHED: 

AVERAGE  TIMF  TO  BREAK  DOWN  ALL  TYPES  CF  CIRCUITS  ■  •*.****♦*  * 

FINALLY  RECALL  THAT  THE  MAXIMUM  SLOT  STACKING  DEPTH  *  **  3 

THE  AVERAGE  NUMBER  OF  ACTIVE  CALLS  IS  ***.♦*  3  4 

THF  PERCENTAGE  OF  CALLS  cSTAB  WITH  RESPECT  TO  CALLS  ATTEMPTED  IS  ***.*t. 

»  »  "  "  FAILED  »  »  »  "  "  «  ***,*%. 

THE  AVERAGE  TOTAL  ENERGY  OF  EACH  CIRCUIT  IS  APPROX.  ********.*  JOULES.  * 

WHERE,  3  *=*>  IDENTIFIES  VALUES  COLLECTED  OVER  THE  ENTIRE  SIMULATION. 

*  *«>  IDENTIFIES  VALUES  COLLECTED  AFTER  THE  COUNTERS  WERE 

CLEARED  TO  REMOVE  THE  EFFECTS  OF  THE  START-UP  TRANS¬ 
IENT  BEHAVIOR. 

SKIP  3  OUTPUT  LINES 
ALWAYS 

IF  SPECIFY. OUTPUT  IT  1  ANO  PRNT  L6  3 
FOR  N  *  1  TO  N.NOOE,  DQ 
IF  LINE .V  GT  73 
S7APT  NEW  PAGE 
ALWAYS 

•  , 

••  COUNT  ANO  PRINT  THE  TIME  SLOT  USE  STATISTICS. 

,  , 

LET  NIL  «  0 
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LPT  T  -  C 
L§T  R  «  C 


LET  RS  -  0 

RESERVE  TSLT<»*  AS  SLCTS 
POR  S  ■  1  TO  SLOTS,  OC 
IP  USE ( N* S»4 )  GE  1 

LET  P  «  R  ♦  USE (N»S»41 

LET  RS  ■  RS  ♦  l 

LET  tSlT(S)  •  USE (N, S, 4) 

GO  TO  ESCAPE 
ALWAYS 

IP  USE  (N«S,1 )  GT  0 
LET  T  =  T  *  1 

LET  TSLTC  S  >  »  10000  ♦  <J$E(N,S,3) 

GO  TC  ESCAPE 
ALWAYS 

IF  USE(N,S«1)  50  0  ANO  USE<N,S,4I  EO  0 
LET  NIL  ■  NIL  ♦  1 
LET  TSLTISI  =*  0 
ALWAYS 

•  ESCAPE* 

LOOP 

PRINT  2  LINES  WITH  N,  NIL,  T,  R  AND  RS  AS  FOLLOWS 
NOOE  **  HAS  **  ?MPT Y  SLOTS,  **  TRANSMIT  SLOTS.  ANO  HAS  **  RECEIVE  SIG¬ 
NALS  STACKED  IN  **  RECEIVE  SLOTS. 

SKIP  2  CUTPUT  LINES 

,  , 

• •  PRINT  TEE  TIME  SLOT  ASSIGNMENTS  AT  EACH  NCOE  IF  THE  PRINTING  FLAG 
••  IS  1  (AND  THE  SPECIAL  PRINTING  VARIABLE  IS  0 ) .  NORMALLY  THIS  IN- 

••  FORMATION  IS  ONLY  PRINTED  TO  ASSIST  IN  DEBUGGING  THE  OPERATION  OF 

•«  the  FRCGRAM,  AND  THEN  THE  SLOT  ASSIGNMENTS  ARE  ONLY  PRINTED  AFTER 

•*  THE  FIRST  AND  LAST  QUARTERS  OF  EACH  RUN  OF  THE  SIMULATION. 

•  , 

IF  PRNT.FLAG  LE  1 

PRINT  1  LINE  WITH  TSIKU,  TSLT<2),  TSLTl 31 ,  TSLTI4I,  TSLT(5I, 
TSITI6 )  ,  TSLT17I,  TSLTI8I,  TSLTI9 1 ,  TSLTUO),  TSLT4U)  AND 
TSL T( 12 )  AS  FOLLOWS 

*****  *****  *****  *****  *****  *****  *****  *****  *****  *****  *****  ***** 

PRINT  2  LINES  AS  FOLLOWS 


1  2  3456789  10  11  12 

SKIP  4  CUTOUT  LINES 
ALWAYS 

RELEASE  TSLTl*) 

^K?P  2  OUTPUT  LINES 
ALWAYS 

••  FIND  THE  TOTAL  NUMBER  OF  TRANSMIT  SIGNALS  PER  SLOT  IN  THE  NETWOPK. 

,  , 

PRINT  1  LINE  AS  PQLLOWS 

SUMMARY  CF  TH=  NUMBER  OF  TRANSMIT  SIGNALS  PER  SLOT  IN  THE  NETWORK. 
SKIP  l  OUTPUT  LINE 
LET  T0T .  XMI  T  *  0 
FOR  J  •  1  TO  SLCTS,  DO 
LET  XMlT  =>  0 
FOR  N  *  I  TO  N.NODE ,  00 
IF  IJSEIN.J.I)  GT  0 
LET  X v  I T  =  XMI  T  ♦  1 
LET  TCT.XMIT  *  TOT.XMIT  ♦  1 
ALWAYS 
LOOP 

PR INT  1  LINE  WITH  J  ANO  XMTT  AS  FOLLOWS 

THE  NUMBER  OF  TRANSMIT  SIGNALS  IN  ‘LOT  **  OF  THE  NETWCRK  IS  ** 

'OOP 

Skip  2  output  lines 

LET  ACT. CAP  «  (REAL.FITOT.XMIT )  /  THEC.CAP)  *  1C0.0 
PRINT  3  LINES  WITH  TO+.XMIT,  I NT.F (THEO.C AP I  AND  ACT. CAP  AS  FOLLOWS 
COUNTERS  SHOW  THAT  THERE  ARE  PRESENTLY  ***  QF  A  POSSIBLE  ***  TOTAL  NUM¬ 
BER  OF  TRANSMIT  SIGNALS  IN  THE  NETWORK.  THEREFORE  THE  NETWORK  IS 
OPERATING  AT  APPROXIMATELY  ♦**.**  PERCENT  OF  ITS  MAXIMUM  CAPACITY. 
SKIP  2  OUTPUT  LINES 
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IF  TIME.V  GE  TEST .OUR AT  ION 
START  NEW  FARE 

L INK‘uSAGEL|T!flSTICSLATWiNO  CF  SIMULATION.  THESE  FIGURES  REPRESENT  THE 
NUMBER  QF  TIMES  EACH  LINK  CARR! FC  AN  ESTABLISHED  CIRCUIT  AFTER  THE  COUN- 
TFRS  WERE  RgSET  TO  REMOVE  THE  TRANS!  ENT  BEHAVj^R  OBSERVED  OUUNG  THE 

-  * -  .  -  —  1K3E  FIGURES  REPRESENT  THE  STEADY-STATE. 


SIMULATION  START-UP.  THEREFORE  THEj 


A  I  DIRECT IONAL 
LINK 

F M/TQ  TO/FM 


LINK 

ATTENUATION 


NUMBER 

OF 

TIMES  USED 


SKI  °  1  OUTPUT  LINS 
LET  COUNTER  *  1 
• PP I NT. NEXT. LINE* 

L=T  MAX.VAL  *  -1 
FOP  I  *  1  TC  LINKS.  DC 

IF  LIN.K.USED(I)  GE  MAX.VAL 
LET  HGLCER  «  l 
ALWAYS 
LOCO 

FOR  I  =*  1  TC  N.NGOE .  00 
C0R  J  =  1  TC  N.NOOE,  DO 

IF  LINKABLE  I . J)  EQ  1  ANC  LI.NK.NRII.JI  EC  HOLDER 
PRINT  1  l IN*  WITH  I.  J.  J.  I.  ATTENUATION! I, J)  AND 
L  IN.K.USEKHCLDER)  AS  FOLLOWS 
j  */**  -  **/■**  ****.**  ***** 

SK I °  1  OUTPUT  LINE 
GO  TC  FLYING. LEAP 
ALWAYS 
LCO° 

LOCP 

•  FLYING. LEAP* 

LcT  LIN  .K  .USED (HOLDER )  -  -2 
LET  COUNTER  «  COUNTER  ♦  1 
IF  COUNTER  EC  LINKS  --  1 
GO  TO  FLEE 
ALWAYS 

GO  TO  PRINT. NEXT. LINE 
A  LWAYS 
«  . 

•FLIP' 

PRINT  I  L  IN e  WITH  RF PORT. COUNTFR  AS  FOLLOWS 
XXXXXXXXXXXXXXXXXX  ENO  INTERMEDIATE  REPORT  NR. 

*  '  TEST  TO  SEE  IF  ALL  INTERMEDIATE  REPORTS  FOR  THIS  ITERATION  OF  THE 

•*  SIMULATION  HAVE  8EEN  MACE.  IF  SO.  WE  CAN  CALL  THE  "DESTRUCTION" 

'•  ROUTINE  ANO  SEND  'XEC'JTICN  BACK  TO  THE  MAIN  PROGRAM  WHERE  ANOTHER 

••  ITERATION  FOR  A  NEW  PARAMETER.  OR  SET  OF  PARAMETERS,  MAY  BE 

INITIATED.  TF  ALL  INTERMEDIATE  REPORTS  HAVE  NOT  BEEN  MAOE. 

THEN  WE  CAN  SCHEDULE  THE  NEXT  "STOP. SI MULAT ION" . 


+**+  XXXXXXXXXXXXXXXXXXX 


RE  .PORT .PERIOD) 
STOP .S IMULAT ION 

RE. PORT. PERIOD! 
STOP. SIMULATION 
UNITS 


L  5 
IN 

GT 

IN 


<  i 
t  ■ 

*  DEPARTURE* 

IF  ( TIME. V  ♦ 

SCHEDULE  A 
ALWAYS 

IF  (TIME.V  + 

SCHEDULE  A 

TEST .DURATION) 

ALWAYS 

IF  TIME.V  LT  TSST.OURATION  ANC  PRNT  LE  3 
START  NEW  PAGE 
ALWAYS 
.  . 

LET  PRNT  *  5 

t  • 

IF  TIME.V  GE  TEST. DURATION 
IF  SPECIFY. OUTPUT  GE  1 
PERFORM  SPEC IAL .OUTPUT 
REGARDLESS 
P|PFORM  DESTRUCTION 


TEST. DURATION 
RE.PCRT.PERlOC  UNITS 

TEST. DURATION 

(TIME.V  ♦  RE.PCRT.PERlOC  - 
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R FTURN 


F  NO 
•  • 


••OF  STOP. SIMULATION 

THIS  EVENT  RESETS  SGME  OF  THE  COUNTERS  TO  REMOVE  THE  EFFECTS  OF  THE 
••  TRANSIENT  BEHAVIOR  OBSERVED  AS  THE  NETWORK  BEGINS  ESTABLISHING 

••  CIRCUITS.  THUS  THE  SUCCEEDING  PERIODIC  REPORTS  GIVE  A  MOPE  AC- 

•  •  CURATE  RE°RESENTAT  ION  OF  THE  NETWORKS  STEADY-STATE  PERFORMANCE. 

•  « 

r  VENT  RE. MOVE. TRANSIENT .EFFECT 
»  > 

RELEASE  LIN.K  ,USCD(T) 
c  ESE3VC  L I N . K .USED (*  1  AS  LINKS 

t  « 

R ESET  THF  TOTALS  OF  ACTIVE 
•  • 


0.0 


0.0 


•  FT  CKT. TOTAL  *  0 
LET  CKT.FSTAB  »  0 
LET  CK7.FAILEC  *  0 
LET  CKT.OISSSTAe  = 

LET  HOP. SUM  a  0.0 
LET  HOP. GREATEST  * 

LET  TOT.HCP.GPEATEST 
l  ET  HOP.AVG  =  0.0 
LET  DELAY. SUM  =*  0.0 
LET  nuRATION  =  C.O 
LET  SlJM.OL'FATICN  *  0.0 
LET  AVG. DURATION  *  0.0 
I  ET  LDNG.TIvc.cST  =  0.0 
LET  AVG.TIME.EST  a  0. 0 
I  FT  AVG.P.OC  a  0.0 
LET  LONG . P . 8C  =  0.0 
L  FT  AVG.C.BC  *  0.0 
LET  L3NG.C.RC  =  0.0 
'.FT  CKT. LONG. TIME. EST  „ 

'  ET  AVG.8D.TIME  =  3.0 
LET  SUM.RO.TIME.ALL.CKT 
I  ET  CKTS.BD  *  o 
1  FT  P. BY. COUNTER  a  0 
LET  C. BO. COUNTER  =■  0 
L  FT  TOT.P.BC  a  Q.O 
LET  TOT. C. BO  *  C.O 
LET  CHANGE. FLAG  a  1 
L  FT  BACKTRACK.  OR. LOO3 BACK  *  0 
LET  ACT. LOGO. REMOVE  =  0 
LET  E  .SUM  =  0.0 
l ET  F. SUB. K. EAR  a  0.0 
LET  FRACT.CE.SUCCESSFUL.CALLS 

“PINT  1  LINE  WITH  TIHE.V  AS  FOLLOWS 

TLEAR  COUNTERS  AND  START  TAKING  STATS  FROM  HERE. 

SKIP  V  OUTPUT  LINE 

i  • 

RETUPN 

r  NO  "OF  PE. MOVE. TRANSIF.NT. EFFECT 

i  « 
i  t 

•  i 

•  • 

•  • 
t  i 


0.0 


TIME. V 


****  .*»***« 


THIS  E'/ENf  UPDATES  THE  INFORMATION  IN  THE  BEST. PATH  ARRAY  BY  USE  OF 
THE  CUKSTPA  ALGORITHM.  THIS  WVWNT  IS  PERFORMED  REGULARLY  WITH  A 
P  EP  ICC  *  '*UP. DATE.  PERIOD"  SECONDS.  WHERE  THE  UP  .DATE  .PER  IOD  IS  AN 
INPUT  VARIABLE. 


fvfnT  DIJK.  MAM  PUUATTON 
•  ■ 

DEFINE  D I  ST  as  A  REAL  VARIABLE 
l ET  TOT. DIJK. CALLED  »  TCT  .0 1 JK .C ALLE C  ♦  I 

•  i 

IF  SPECIFY. OUTPUT  =g  0  ANO  ®RT  LT  3 
PRINT  2  LINES  WITH  TIME.V  AS  FOLLOWS 
EVENT  DIJK. MANIPULATION  INVOKED  AT  TIME.V  ■ 


*«•*.«*****  SECONDS 


SKIP  1  OUTPUT  LINE 
ALWAYS 
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••  CHECK  TC  SEE  IF  A  DIJKSTRA  UPCATE  IS  REQUIRED.  A  CIJK.MANI PULATION 
'•  NFeO  NCT  8E  PERFCRMEO  IF  THERE  HAVE  BEEN  NO  CHANGES  TO  THE  SLOT 
••  ASSIGNMENTS  AT  ANY  OF  THE  NODES. 

•  • 

’F  CHANGE. FLAG  EQ  0 
GO  TO  SCHFOULE 
ALWAYS 

•»  GET  THE  CURRENT  LINK  "WEIGHTS'*  CR  "Cl  STANCES"  AT  EVERY  NODE  AND  ON 
••  ALL  LINKS  OF  THE  NETWORK. 

•  • 

° ERFORM  COM PUTE. CURRENT. C 1ST ANCES 

i  i 

••  THE  PATH.AVAIL  ARRAY  IS  A  2-0 IMSNS I ONAL  INTEGER  ARRAY  THAT  HAS  ITS 
•’  VALUES  ASSIGNED  AND  MANIPULATED  DURING  EACH  CALL  OF  THE  DIJK.MA- 

•  •  NIPULATICN  EVENT. 

i  • 

RESERVE  PATH. AVAIL!*. *>  AS  N.NCDE  BY  N.NOCE 

i  i 

•*  |JSC  THE  CURRENT  NCCE  ANO  LINK  WEIGHT  INFORMATION  IN  THE  IMPLEMENTA- 
•»  TION  CF  THE  OIJKSTRA  ALGORITHM  THAT  FOLLOWS.  START  BY  INITIALIZ- 

••  ING  The  DIJKSTRA  ANO  BEST. PATH  ARRAYS.  IF  THERE  IS  NO  LINK  WHICH 

••  DIRECTLY  CONNECTS  TWO  NODES,  THEN  THE  LINK  WEIGHT  IS  SET  EQUAL  TO 

••  999999.9  (OR  ANY  OTHFR  LARGE.  POSITIVE,  REAL  NUMBER).  WE  MUST 

• •  ALSO  PEAC  A  CORY  OF  THE  LINKABLE  ARRAY  INTO  THE  PATH.AVAIL  ARRAY 

••  WHICH  WILL  BE  USED  DUPING  THE  Cl JK .MAN I PULATION  EVENT. 

i  • 

6 OR  I  =  1  TC  N .NODE ,  00 


FOR  J  =  1  TC  N.NCDE,  DO 

I:  I  NP  J  ANO  LINKABLE! I. J )  EQ  1 
LET  DIJKSTRA! I, J)  *  D I  ST ANCE ( 1 , J) 


LET  BEST. PATH! I  ,  J  J  *  J 
LET  PATH.AVAIL!  I.J)  *  I 
GO  TO  JUMP. OUT 
Always 

LET  DIJKSTRA! I# J)  -  999999.9 
LET  BEST. PATH!!, J)  *  0 
LET  PATH.AVAIL! I, J)  »  0 
• JUMR. OUT • 

LOOP 
LOOP 
•  > 

' •  PRINT  The  INITIAL  DIJKSTRA,  BEST. PATH  ANO  PATH.AVAIL  MATRICES. 
«  • 

IF  SPECIFY. OUTPUT  EQ  0  ANO  PRT  LE  2 
PRINT  5  LINES  AS  FOLLOWS 

fHF  CONTENTS  CF  THE  INITIAL  OIJKSTRA  MATRIX  ARE: 


F  THE  INITIAL  OIJKSTRA  MATRIX  ARE: 


♦ 

*T0 
:  ROM* 


FOR  I  =  l  TC  N.NODE,  CO 

PRINT  1  LINE  WITH  I,  01 JKSTRAII . 1 ) .  DIJKSTRA! 1,2),  OIJKSTRA! 1,3) , 
0IJKSTR4(I,4),  OIJKSTRA!  1 ,5)  ,  Cl JKSTRA! 1 ,6)  ANO  DlJKS TRA! 1 , 7) 

AS  FOLLGWS 

**  -4*****.*  ******.*  ******.*  ****** . *  *•»***.*  ******.*  ******.* 

LOCO 

SKIP  1  OUTPUT  LIME 

PRINT  5  LINES  AS  FOLLCWS 
INITIAL  OIJKSTRA  MATRIX  (CONT.I: 

9  9  10  U  12  13 

c  ROM* 


FOR  I  =«  1  TC  N.NODE,  DO 

PRINT  1  LINE  WITH  I,  OIJKSTRA!  I, 8),  D I  JKSTRA! I ,9) ,  01 JKSTRA ( 1. 10 1 
01 JKSTRA!  1,11 ) ,  OIJKSTRA  (I,  12)  ANO  01 JKSTRAU , 13 )  AS  FOLLOWS 

A  *  *«.****.*  *•**#*.*  «****«.*  ******.*  ******.*  ******.* 

LOOP 

SKIP  2  OUTPUT  LINES 
PRINT  5  LINES  AS  FOLLOWS 
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T HE  CONTENTS  CP  THE  INITIAL  BEST. PATH  ARRAY  ARE: 

♦  T0  123456T89 

e  ROM* 


xo 


11  12 


13 


NaNUU:i  UU 

E  WITH  It  8EST.PATHII til,  BEST  .  PATH! I ,2 ) ,  BEST. PATH! I  ,3) 
(1,4),  BES T .PATH ( j  ,5 ) ,  BEST .PATH( 1,6),  BEST, PATH ( 1 ,7 ) . 
(1.8),  BEST.PATH(I  ,9)  .  BEST.PATHU  ,10) .  BEST  .PATH(  I  *  11 )  * 
(1,12)  ANO  BEST. PATH! 1 ,13)  AS  FOLLOWS 


FOR  !  *  1  TO  N.N005,  00 

PRINT  1  LINE  WITH  I,  BESTjPATH 

BEST .P ATH( *  - 

Bj-ST.PATH 

BEST. PATH _  . 

4*  *  44  44  44  44  44  *4 

LOOP 

SKIP  2  OUTPUT  LINES 

,  , 

AS.FOL^GWS 


44 


44 


44 


44 


44 


44 


PRINT  5 
THE  f.ONTEN 

Vro  1 

P  POM* 


OF  THE  INITIAL  PATH. AVAIL  ARRAY  ARE: 
23456789 


10 


11  12 


13 


FOR  I  *  l  TO  N.N005 , 
PRINT  1  LINE  WITH 
PATH. AVAIL(1 ,3) , 
PATH. AVAIL! 1.6), 
PATH. AVAIL* 1,9), 
PATH.AVAIL( 1,121 

►4  ♦  44  4* 

^K?P  2  OUTBUT  LINES 


DO 


I,  PATH. AVAIL! 1,1),  PATH. AVAIL! 1,2), 
PATH. AVAIL (1,4),  P ATH. AV AI L ( I , 5 ) , 
PATH. AVAIL (I, 7),  PA IH . A VAI L ( I , 8 )  , 
PATH.AVAIL!  1,10) ,  PATH. AVAIL ( I ,11), 
ANO  PATH.AVAIL(I,13)  AS  FOLLOWS 
44  *4  4*  44  44  *  44  44  44 


44 


♦  1 


00 


0  EGAPQLESS 

LET  MANI P.CCLNT6R  *  0 
LET  PASS. COUNTER  *  0 

,  , 

•  PUN. MATRIX. AGAIN* 

LET  AGAIN. FLAG  *  0 
LET  PASS. COUNTER  -  PASS. COUNTER 
c  GR  ROW  >  1  TO  N.NOOE,  00 
FOR  COL  *  1  TC  N.NODE,  00 
IF  ROW  EC  CCL 
GO  TO  NEXT. COL 
ELSE 

FOR  TEST. CCL  *  1  TO  N.NOCE, 

IF  TEST. COL  EC  ROW 
GC  TO  NEXT. TEST  .COL 
ELSE 

IF  TEST. COL  EC  COL 
GC  TC  NEXT. TEST. COL 
ELSE 

LET  01  ST  =  0.0 

IF  LINKA0LE(RCW,T5ST. COL  I  EO  l 
LET  OIST  =  01 JKSTRAIROW, TEST. COL) 

IF  PATH. AVAIL! TEST. CCL  , COL)  EC  1 

LET  OIST  =  OIST  ♦  D! JKSTRA( TEST.COL.COL) 

IF  GIST  LT  0IJKSTRA(PCW,CCL) 

LET  OIJKSTRA  (ROW, CCL)  =>  OIST 
'  BEST. ?ATH(ROW, CCL)  ■  BEST. PATH* ROW, TEST. COL) 
PATH. AVAIL(RCW, COL)  -  1 
AGAIN. FLAG  »  1 

MANIP. COUNTER  *  MANI P. COUNTER  *  1 


LET 

LET 
LET 
LET 
REGAROLESS 
REGARDLESS 
REGAROLESS 
• NFXT. TEST. CCL* 

LOOP 
*  NFXT. COL* 

LOCP 

LOOP 


IF  AGAIN. FLAG  EC  I 

GO  TO  RUN. MATRIX. AGAIN 
ALWAYS 
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I  • 

••  WE  might  now  WANT  TO  PRINT  the  manipulated  dijkstra  and  best. path 
'•  MATRICES. 

t  • 

TF  SPECIFY. OLTPUT  EQ  0  AND  PUT  LE  2 

PRINT  2  LINES  WITH  PASS .COUNTcR  AND  MANI P. COUNTER  AS  FOLLOWS 
ME  MAOE  ****  PASSES  THROUGH  THE  OIJKSTRA  ARRAY  ANO  PERFORMED  A  TOTAL 
OF  *****  MANIPULATIONS  IN  DETERMINING  THE  NEW  BEST  PATH  NEIGHBORS. 
SKIP  1  OUTPUT  LINE 

i  • 

PRINT  5  LINES  AS  FOLLGWS 

THE  CONTENTS  OF  THE  MANIPULATED  OIJKSTRA  ARRAY  ARE: 

**TO  1  2  3  4  5  6  7 

F  ROM* 

- ♦ - —————————  — 

FOR  I  *  1  TC  N.NOOE,  00 

PRINT  i  LINE  WITH  I,  01 JKSTR A ( I »  l ] .  OIJKSTRA! I ,2),  DI JKSTRAI 1,3) . 

DI JKSTR A ( 1 ,4  i »  01 JKSTRAI  I  ,5),  01 JKSTRAI I .6)  AND  01 JKSTRAI  1 .7 1 
AS  FOLLOWS 

**  +  **«**«.*  «***«*,*  «****«,*  **:>***.*  ***«**,«  ***»«*.*  »«****.* 

LOOP 

SKIP  1  OUTPUT  LINE 
PRINT  5  LINES  AS  FOLLOWS 
MANIPULATED  OIJKSTRA  ARRAY  ICCNT.): 

♦TO  8  9  10  11  12  13 

PPOM  + 


FOR  1=1  TC  N.NOOE,  CO 

PRINT  1  LINE  WITH  I,  DI JKSTRAI 1.3),  DI JKSTRAI I ,9 1 ,  DI JKSTRA 1 1 , 1 0 ) , 
OIJKSTRA!  1,11),  OlJKSTRAlI.12)  AND  D I JKSTRA 1 1 , 13 )  AS  FOLLOWS 

**  «.  ******.*  ******.*  ******.*  **»***.«  ***«**.«  **«**«.* 

LOOP 

SKIP  2  OUTPUT  LINES 

i  • 

PRINT  5  LINES  AS  FOLLOWS 

THE  CONTENTS  CF  THE  MANIPULATED  BEST  .PATH  ARRAY  ARE: 

**T0  1  2  3  4  5  6  7  8  9  10  11  12  13 

FROM* 


FOP  I  *  1  TC  N.NOOE, 
PRINT  1  LINE  WITH 
BEST . PATH 1 1 ,4) , 
BF  ST. PATH! 1.8), 
BEST. PATHII, 121 


**  ♦ 

LOOP 
SKIP  2 


*• 


** 


** 


00 

If  eEST. PATHII, 1),  BEST. PATHII, 21,  BEST. PATHII ,3)* 
BEST. PATHII ,5) ,  BEST. PATHII ,6).  BEST. PATH l I ,7 ) , 
BF3T. PATHII, 9),  BEST . PATH  (I , 10) ,  BEST. PATH  It ,11) , 
ANO  BEST. PATH!  1,13)  AS  FOLLOWS 

*•  **  **  **  **  **  **  **  **  ** 


OUTPUT  LINES 


PRINT  5 
T  HE  CONTEN 

♦  TO  1 
p  ROM* 


mi 


AS  FOLLOWS 
THE  MANIPULATED 


PATH. AVAIL  ARRAY  ARE: 
6  7  8' 


10 


11  12 


13 


TC  N.NOOE ,  DO 


PRINT  1  LINE  WITH  I,  PATH. AVAIL!  1,1  >,  PATH .AVAI LI  I , 2) , 
PATH. AVAIL! 1 ,3) ,  PATH. AVAIL  1 1 ,41 ,  PATH. AVAIL  I  1 , 5  I , 
PATH. A YA It  I  1 ,6 ) .  P ATH . AV A IL I  I, 7  ) ,  PATH. AVAIL  11,8). 
PATH. AVAIL! 1 ,91 ,  PATH . AV A I L I  I , 10 J ,  F ATH . AVA I  LI  I  ,  U 
PATH. AVAIL! 1.12)  ANO  PATH. AVAI L 1 1 , 12 )  AS  FOLLOWS 
**  +  vm  **  **  **  **  **  **  **  **  ** 

LOOP 

SKIP  2  OUTPUT  LINES 

,  t 

ALWAYS 
,  « 

••  SCHEDULE  THE  NEXT  01 JK. MANIPULATION. 


** 


** 


** 
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•  SCHEDULE' 
l ET  CHANGE. FLAG  «  0 

SCHEDULE  A  01  JK.MANIPULAT ION  IN  UP. DATE. PERIOD  UNITS 

«  • 

RETURN 

FNO  "OF  OIJK. MANIPULATION 


t  • 
t  « 
i  i 
•  • 

•  • 
i  i 
•  • 

•  • 

•  t 

ROUTINE  TO  COMPUTE. CJRRENT. DISTANCES 

•  ( 

DEFINE  X  ANC  V  AS  REAL  VARIABLES 
DEFINE  WEIGHT  AS  A  REAL  VARIABLE 
•  • 

HE  hay  WANT  TO  USE  T H§  NUMBER  OF  NEIGHBOR  NODES  CLAIMED  BY  A  NODE 
AS  A  TERM  OR  CONSICSRATICN  WHEN  HE  COMPUTE  THE  "NODE  WEIGHT"  FAC¬ 
TOR  OF  AN  OVERALL  LINK  WEIGHT.  THE  NUMBER  OF  NEIGHBOR  NODES 
CLAIMED  BY  EACH  NODE  N  HAS  ALREADY  BEEN  DETERMINED  AND  HAS  BEEN 
STORED  IN  LINKABLE1N.N)  . 


>  • 
i  • 

,  t 
•  * 

•  i 

•  t 

•  • 

•  • 

LET 

FOR 


THIS  ROUTINE  IS  CALLED  BY  THE  D I JK. MAN I PUL AT I  ON  EVENT  TO  DETERMINE 
THE  CURRENT  LINK  DISTANCES  ( A.K.A  WEIGHTS  OR  CHANNEL  VALUES)  FOR 
EACH  NCDE  ON  EACH  CPECT  LINK.  THIS  ROUTINE  WILL  USE  A  "DISTANCE 
FUNCTION"  TO  £ V ALU ATC  THE  LINK  WEIGHTS.  THE  DISTANCE  FUNCTION 
WILL  BE  CHANGED  MANY  TIMES  THROUGHOUT  THE  COURSE  OF  THE  THESIS 
RESEARCH  AS  HE  INVESTIGATE  THE  EFFECTS  OF  THE  DISTANCE  FUNCTION 
CF  NETWORK  ROUTING,  CAPACITY  AND  THRCUTHPUT . 


COMPUTE  "NCDE  WEIGHTS"  POR  EACH  NODE  AND  STORE  IN  DISTANCE! 1,1) . 

X  -  R  EAL . F( SLOTS  *  MAX. SLOT .DEPTH  )  *  i.O 
A  *  1  K  N.NCDE,  DC 
FOR  B  =*  A  TC  N.NCDE,  DO 

IF  A  NE  a  AND  LINKAELE!A,B)  EQ  1 
LET  SUM  =  0 

FOR  K  *  1  TO  SLOTS,  DO 

IF  USE! A,K, 1 )  EC  0  AND  USE!A,K,4)  EQ  0  AND  USEiB.K.l)  EQ  0  AND 
USS!8,K,4)  SO  0 

LET  SUM  *  SUM  ♦  12  *  MAX. SLOT. DEPTH) 

GG  TC  LOOOP 
ALWAYS 

IF  USE! A,K, 1 )  EC  0  AND  USE!A,K,4)  EQ  0  AND  USEtB.K.l)  EQ  0  AND 
US  =  !«?,K,4)  NE  0 

LET  SUM  -  SUM  «■  !  MAX. SLOT. CEPTH  -  USE!BrK,4») 

GC  TC  LOOOP 
ALWAYS 

IF  USE(A,K,1)  EC  0  AND  USE(A,K,4)  NE  0  AND  USEia,K,l>  EQ  0  AND 
USE1B.K.4)  EQ  0 

LeT  SUM  *  SUM  ♦  ! MAX. SLCT. DEPTH  -  USE1A,K,4) ) 

GO  TC  LOOOP 
ALWAYS 

•  LOOOP' 

LOOP 

LET  WEIGHT  *  X  -  REAL .p ( SUM ) 

LcT  Y  *  ! WEIGHT  *  I2S.0)  /  X 
IF  INT  ,F<  Y )  EQ  0 
LET  Y  *  1.0 
ALWAYS 

LET  01  STANCE! A,  B ) 

LET  0 ISTANCE! B, A) 

ALWAYS 
LOOP 
LOOP 


NODE. SCALE!  INT. F(Y) ) 
NODE. SCALE! INT. F!Y) ) 


WE  HAVE  NOW  STORED  The  NODE  WEIGHT  VALUE  IN  THE  DISTANCE  ARRAY. 

WE  MIGHT  WANT  TO  PRINT  THE  DISTANCE  ARRAY  NOW  TO  ENSURE  THAT  THE 
NODE  WEIGHTS  WERE  PROPERLY  CALCULATED  AND  RECOROED. 


IF  SPECIFY. OUTPUT  EQ  0  ANO  PRT  LT  3 
PRINT  6  LINES  AS  FOLLOWS 
THE  CONTENTS  CF  THE  OISTf' 
CALCULATEC  ARE: 

♦ 


ANCE  ARRAY  AFTER  THE  NODE  HEIGHTS  WERE 
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♦  TO  l  2  3  A  5  6  7 

PROM* 

FOP  I  *  1  TC  N.NOoI,  CO 

PRINT  l  LINS  WITH  I.  01  STANCE (  I , I ) ,  C  ISTANCEII , 2 ) ,  Cl  ST ANCE < 1 ,3 ) , 
DISTANCE! 1,4),  DISTANCE! 1,5) ,  C  ISTANCE! 1 , 6)  ANO  DISTANCE! 1 ,7) 

AS  FOLLOWS 

**  t  it*****.*  *«***«.*  ***«**.«  •****«,*  **«•**.*  ******.*  ******.* 

LOHR 

SKIP  1  OUTPUT  LINE 

PRINT  5  LINES  AS  FOLLOWS 

CONTENTS  OF  THE  DISTANCE  ARRAY  ICONT.): 

+  *T0  8  9  10  11  12  13 

FROM* 

FOR  T~  =  1  TC  N.MOOE,  00 

PRINT  I  LINE  WITH  I,  0 1  ST ANCE ( 1 , 8  ) ,  C I  ST ANCEU , 9 ) ,  DI STANCE !  1, 1 0 ) , 
DISTANCE!  1,11),  DISTANCE!  1,12)  AND  Cl  STANCE  1 1 , 13 )  AS  FOLLOWS 

**  +  «****«.*  #****♦.*  «***«*.*  *«•***.*  *»***».*  ******.* 

LOOP 

SKIP  2  OUTPUT  LINES 
ALWAYS 
•  • 

•'  WF  CAN  NOW  MODIFY  THE  NODE  WEIGHTS  JUST  CALCULATED  TO  PRODUCE  A 
• '  TRUE  LINK  WEIGHT  BY  ADDING  THE  LINK  WEIGHT  FROM  THE  APPROPRIATE 

••  =NTRY  IN  THE  ••LINK  ,WC  IGHT"  ARRAY.  RECALL  THAT  THESE  LINK  WEIGHTS 

•'  WERE  CALCULATED  IN  THE  "HOUSEKEEPING"  ROUTINE.  LINK  ATTENUATIONS 

••  RANGED  IN  VALUE  FROM  ABOUT  ai.C  TO  141. C  DB  (I.E.  A  RANGE  OF 

••  ABOUT  60  08).  THE  ENERGY  PER  El T  FOR  THESE  LINKS  RANGED  IN  VALU 

• •  FROM  AEGUT  1.0  TO  1 DODCCO.O  AND  WERE  SCALED  WITH  A  GEOMETRIC  DIS 

••  TRIBUTICN  INTO  "BINS"  WITH  ASSIGNED  LINK  WEIGHTS  OF  1.0  TO  128.0. 

,  < 

FOR  A  a  1  TC  N.NODE •  DO 
FOP  8=1  TC  N.NODE,  DO 

Ic  A  NE  e  ANO  LINKABLE! A ,B )  EC  1 

LET  DISTANCE!  A, B)  =  OISTANCEU.BJ  ♦  LINK.WEIGHTU.ai 
GO  TO  GET. AWAY 
ALWAYS 

L  =  T  OISTANCEU.BJ  =  999999.9 
•GFT.AWAY' 

LOOP 

LOOP 

i  , 

••  WE  MIGHT  WANT  TO  PRINT  THE  DISTANCE  ARRAY  NOW  TO  ENSURE  THAT  THE 
••  OVERALL  LINK  WEIGHTS  WERE  PROFERLY  CALCULATED  AND  RECORDED. 

«  i 

IF  SPECIFY. OUTPUT  SC  0  AND  PRT  LT  3 
PRINT  6  LINES  AS  FOLLOWS 

thf  CONTENTS  CF  THE  DISTANCE  ARRAY  AFTER  THE  LINK  WEIGHTS  WERE 
CALCULATED  ARE: 

%TD  12  3  4  5  6  7 

FROM* 

FOR  I  *  1  Tg”n.NOOE,  00 

PRINT  1  LINE  WITH  I,  0 1  STANCE <  I , l ) ,  D I  STANCE ! 1 , 2 ) ,  DI STANCE! 1 ,3 ) , 
DISTANCE!  1,4) ,  D I  ST ANCE <  1 , 5  )  ,  C  ISTANCE!  1 ,6)  AND  D ISTANCE 1 1 , 7) 

AS  FOLLOWS 

**  >  ******.*  ******,*  ***««*.*  ******.*  ******.*  ******.*  ******.* 

LOOP 

SKIP  l  OUTPUT  LINE 

PRINT  5  LINES  AS  FOLLOWS 

DISTANCE  ARRAY  LINK  WEIGHTS  (CONT.J: 

**T0  8  9  10  11  12  13 

FROM* 

FOP  I  *  1  TC  N.NODE ,  OO 

PRtNT  I  LINE  WITH  I,  01  STANCE !  I. 8  ) ,  DISTANCE! 1 ,9),  DISTANCE!  1,10) , 

DI STANCE!  1,11 ).  DISTANCE!  1, 12)  ANO  DISTANCE! 1,131  AS  FOLLOWS 

**  *  ******.*  ******.*  ******.*  **«***.«  ******,*  «*****.« 
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LOOP 

SKIP  2  OUTPUT  LINES 
ALWAYS 
•  • 

0  ETIJPN 

c NO  "OF  COMPUTF. CURRENT. DISTANCES 

••  THIS  EVENT  PERFORMS  FUNCTIONS  NECESSARY  TO  BEGIN  PPOCESSING  NEW 
••  REQUIREMENTS  FOR  TWO-WAY  VIRTLAL  VCICE  CIRCUITS. 

#  • 

e VENT  NEW.CKT.REOMT 

t  i 

T  F  PPNT  LE  1 

PRINT  2  LINES  WITH  TIME.V  AS  FOLLOWS 
c  VENT  NEW.CKT.REOMT  INVOKED  AT  TIME.V  «  ****.****** 

'"SKIP  1  OUTPUT  LINE 
A  LWA YS 

DEFINE  CK.XMTR.CK.RCVO.X. TOT. PERCENT  AND  R. TOT. PERCENT  AS  REAL  VARIABLES 
DEFINE  OELAY1  AS  A  REAL  VARIABLE 
L  FT  CKT. TOTAL  =  CKT. TOTAL  +  1 
LET  CKT. SUM  *  CKT. SUM  +  1 
IF  CKT. SUM  GT  MAX.CKTS . IN .S I M 
SKIP  2  OUTPUT  LINES 

PRINT  12  LINFS  WITH  MAX .SLOT .DEPTH  ,  MAX.CKTS.  IN. SIM,  TEST .OURATION  AND 
TIME.V  AS  FOLLOWS 

TOTAL  NUMBER  CF  CIKCJITS  ATTEMPTED  EXCEEDS  THE  TOTAL  NUMBER  OF  CIRCUITS 
PERMITTFD.  IN  THE  FUTURE  IF  WE  WANT  THE  SIMULATION  FCR  THIS  VALUE  OF 
SLOT.FEPTH  x  **  TO  RUN  FOR  THE  COMPLETE  SIMULATION  TEST. OURATION,  WE 
MUST  00  ONE  OF  THE  FOLLOWING: 

1.  INCREASE  MAX.CKTS .IN. SIM  FROM  ITS  PRESENT  VALUE  OF  ***** 

2.  DECREASE  THE  SIMULATION  TEST . CURATICN  FROM  ITS  PRESENT  VALUE  OF 

*444*. ******  SECONOS, 

3.  OR  CC  SCME  COMBINATION  CF  BOTH  l  AND  2  ABOVE. 

SIMULATION  TIME  AT  THE  INSTANT  EXECUTION  WAS  HALTED  =■  *****.******  SEC. 

"pipFORM  DESTRUCTION 
GO  TO  RTN 
F  FGAPOLESS 

■  i 

•  «  SCHEDULE  THE  NEXT  "NEW.CKT.RECMT"  EVENT  FCR  THE  NETWORK. 

i  • 

SCHEOULE  A  NEW. CKT .RcQMT  IN  EX PONENT I AL . F {MEAN .CKT .ESTAB.2 J  UNITS 
»  • 

'•  FIND  A  CEST INATI ON  NODE  IN  ACCORDANCE  WITH  PRESCRIBED  RECEIVE  PER- 

•  •  CENTS  FCR  THE  NODES. 

•  • 

LET  X. TOT. PERCENT  *  3.0 
LET  Y. TOT. PERCENT  »  D.O 

LET  CK.XMTR  =  UNI  FORM .F <0 .0, TRNS.PCNT ,6 ) 

,  , 

**  SELECTOR  IS  USED  IF  A  PERCENTAGE  OF  THE  MESSAGES  ARE  RECUI RED  TO  BE 
•’  BETWEEN  NODES  OF  THE  SAME  GROUP  OR  FAMILY. 

•  • 

LET  SELECTOR  «  UNI  FORM . F( 0.0 , 1 00. , 7) 

•  • 

•  , 
i  • 

FOR  1  x  1  TO  N.NODE,  00 

LET  X. TOT. PERCENT  *  X .TCT. PERCENT  ♦  TRANSWI T . PERCENT ( I ) 

IP  CK.XMTP  LE  X. TOT. PERCENT 
LFT  XMTP  x  I 
GO  FINO. RECEIVER 
ELSE 
LOOP 


SELECT  THE  TRANSMITTING  NCDE. 


•  i 
,  « 
,  , 


SELECT  THE  RECEIVER. 


• FINO. RECEIVER* 

LET  CK.RCVR  «  UNI  FORM . F (0 .0,RCV .PCNT ,8 » 
F OR  4  -  l  TO  N.NODE,  00 
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MUST  85  WITHIN  THE  SAME  GROUP  OR  FAMILY,  KEEP 
AN  ACEOUATE  RECEIVER  IS  FCL'ND. 


LET  R. TOT. PERCENT  =  R  .TCT. PERCENT  ♦  RECEIVE. PERCENT! J) 

IF  CK.RCVR  LE  R  .TOT .PERCENT 
LET  RCVR  *  J 

GO  CK. GROUPS. ANO.  FAMILIES 

lo&se 
•  , 

•  •  IF  THE  RECEIVER 

•  •  LOOKING  UNTIL 

,  • 

• CK. GROUPS. ANO.FAMILIES* 

I F  SELECTOR  LT  IN. GROUP 

IF  GROUP ( XMTS  I  EQ  GROUP (RCVR) 

GO  SEE. IF.XMTR.cO.RCVR 
ELSE 

LET  R. TOT. PERCENT  -  0.3 
GO  FINC. RECEIVER 

ELSE 

IF  SELECTOR  LT  (IN. GROUP  ♦  IN. FAMILY) 

IF  FAMILY(XMTP)  50  FAMILY(RCVR) 

GO  SEE.  IF.XMTR.EO.RCVR 
ELSE 

LET  F  .TOT. PERCENT  ■  0.0 
GO  FIND. RECEIVER 

c  LSE 

•  , 

' SEE. IF.XMTR.EO.RCVR* 

IF  RCVR  *0  XNTR 
GO  FINO. RECEIVER 
r  LSE 

LET  ORIG.NOCE  *  XMTR 
LET  OEST.NOCE  =  RCVR 
I F  PPNT  LE  4 

PRINT  1  LINE  WITH  CKT.SUM, 

CIRCUIT  NR.  *****,  FROM  NCOE 
SKIP  l  CUT FUT  LINE 
ALWAYS 

WE  CAN  NOW  REGIN  TO  ESTABLISH  THE  CIRCUIT.  THE  REMAINDER  OF  THIS 
EVENT  SIMULATES  ALL  OF  THE  ACTIONS  PERFORMED  AT  THE  ORIGINATING 
NOPE  TO  GENERATE  ANO  TRANSMIT  THE  SERVICE  OR  CORRDINATION  MESSAGE 
TO  THF  NEXT  NOn£  (I.E.  THE  "C ALL EC.NCO E" )  ON  THE  BEST  PATH  TP  THE 
DESTINATION  MODE. 

FIRST  CHECK  TO  ScF  IF  thEPE  IS  A  SLC7  AVAILABLE  AT  THE  CRIG.NOOE  TO 
4CC0M0CATE  THE  TRANSMISSION  OF  A  SERVICE  MESSAGE.  SINCE  HE  ARE 
ASSUMING  THAT  EACH  NODE  IS  ALWAYS  LISTENING  TC  ITS  NEIGHBORS,  THE 
PRIG. NCOE  KNOWS  WHEN  ITS  NEIGHBORS  ARE  NCT  TRANSMITTING.  NOTE; 
ALL  NCCES  "LISTEN"  WHENEVER  THEY  AFE  NOT  TRANSMITTING. 

LET  UP. ROUTE  =  UP. ROUTE  +  1 

LET  CALLEC. NODE  =  BES T. PATH (OR IG. NODE , DEST .NODE ) 

FOP  J  =  1  TC  SLOTS,  00 

IF  USE ( OP  I G .NCOE, J, I )  EQ  0  AND  USE ( CRI G.NODE * J, 4)  EQ  0  AND 
USE (C  AL l EC. NODE*  J , 1 )  EQ  0 
GO  TO  PASSI 
FLSE 


ORIG.NCCE, 
**  TO  NODE 


OEST.NOCE  ANC  TIME.V  AS  FOLLOWS 
*«  BEGUN  AT  TIME  *  ***♦.♦***•* 


LOOP 

IF  PENT 
“PINT 
f  TRCUIT 


LE  4 

4  LINES  WITH  CKT.SUM,  CRIG.NCDE  AND 

_  NR.  *****  FROM  NODE  **  TO  NOCE  ** . 

ESTABLISHED  BECAUSE  THERE  ARE  NO  MUTUALl Y 
THE  OR  I G. MODE  ANO  THE  CALLED. NODE  TC  CARRY  THE 
SAGE. 

SKT  P  1  OUTPUT  LINE 
ALWAYS 

LET  CKT.FAILEC  *  CKT. FAILED  ♦  1 
LET  UP. ROUTE  «  UP. ROUTE  -  1 
L  FT  P. BO. COUNTER  *  P.80.CCUNTER  ♦  1 
GO  TO  RTN 

t  , 

••  RANOOMLY  SELECT  A  "CURRENT. SLOT"  ANO  CONTINUE 


CALLED. NOOE  AS  FOLLOWS 
THIS  CIRCUIT  CANNOT  BE 
AVAILABLE  SLCTS  BETWEEN  THE 
“  “  INITIAL  SERVICE  MES- 


PROCESSING* 
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1 PASS1  • 

LET  CURRENT. SLOT  «  R4N0I.FI1,  SLOTS,*) 

IF  PRNT  LE  1 

PRINT  2  LINES  WITH  CURRENT. SLCT  AS  FOLLOWS 

SLCT  WAS  RANOOMLY  SELECTEC  AS  THE  "CURRENT .SLOT"  AS  WE  BEGAN  ESTAB¬ 
LISHING  THE  CIRCUIT  IN  THE  EVENT  NEW.CKT .RECMT • 

SKIP  1  OUTPUT  LINS 
ALWAYS 

«  i 

'•  FINO  the  NEXT  MUTUALLY  AVAILABLE  SLOT  (AT  LEAST  1  FULL  SLOT  IN  THE 
••  FUTURE  TO  ACCOUNT  FOR  PROCESSING  TIME  IN  THE  0RI6.N0DE). 

i  « 

l  ET  SLOT1  *  0 
LET  FRAME  1  *  0 

IF  CURRENT. SLCT  EQ  (SLOTS  -  II 
LFT  K  *  l 

GO  TO  SEARCH. NEXT. FRAME 
ALWAYS 

IF  CURRENT. SLOT  EQ  SLOTS 

Go'to  SEARCH. NEXT. FRAME 
ALWAYS 

LET  K  -  CURRENT. SLOT  ♦  2 
FOR  J  *  K  TC  SLOTS »  00 

IF  USclORIG.NGOE.J, 1 1  EC  0  ANC  USE (ORIG.NODE, J.4 1  EQ  0  AND 
USc  <  C ALL E C .NODE • J , 1 1  EC  0 
LET  SLCT1  *  J 
GO  TO  PASS2 
ALWAYS 
I-  OOP 

I  ET  K  »  1 

«  • 

•  SEARCH. NEXT. FRAME* 

LET  FRAME  1  *  1 

FOR  J  =  K  TC  SLOTS.  DO 

IF  US  E  <  OP  I G  .NCOE . J . 1 1  EC  0  AND  USE (ORIG. MODE. J.4 I  EQ  0  ANO 
USE ( C AL LEO. NODE .J . 1 1  EQ  0 
LET  SLOT  1  .  j 
GO  TO  PASS2 
ALWAYS 
LOOP 

IF  IJSE(0RIG.NCCE,1,1)  EC  0  ANO  USE(ORIG.NODE. 1.4)  EQ  0  AND 
USFIC  ALLEC.NGCE.l.U  EQ  0 
LET  FRAMEl  =  2 
LET  SLOT 1  *  1 
GO  TO  PAS32 
ALWAYS 

PRINT  1  LINE  WITH  CKT.SUM  AS  FOLLOWS 

INITIAL  SVC  MSG  IN  ERROR  IN  EVENT  NeW.CKT.REQMT  FOR  CIRCUIT  NR.  ***** 

SKIP  l  OUTPUT  LINE 

t  ET  CKT.FAILSC  =*  CKT.  FAILED  ♦  1 

LET  U®. ROUTE  *  UP. ROUTE  -  1 

l  ET  P.BD. COUNTER  *  P.BD. COUNTER  ♦  l 

GO  TO  RTN 


IF  WE  GET  AS  FAR  AS  PASS2  THEN  WE  HAVE  IDENTIFIED  A  SLOT  TO  CARRY 
THE  SERVICE  MESSAGE  TO  THE  CALLED. NODE.  NOW  CREATE  THE  SERVICE 
MESSAGE. 


• PASS2' 

CREATE  A  MESSAGE 

IET  C KT.NR {MESSAGE**  CKT.SUM 
LET  TYPE( MESSAGE)  *  PACKET 
LET  ORIGINATOR (MESSAGE  I  *  ORIG.NOOE 
LgT  OESTINATICNIMFSSAGE )  *  OEST.NOOE 

l£t  fm.nooe(messag= »  *  crig.ncoe 
let  TO.NOCE(MSSSAGE)  «  calls:. NCDE 
LET  START. T IM£{ MESSAGE)  ■  TIMS.V 
LET  HOP .CCUNT (  MESSAGE  )  =  0.0 
LET  SLOT. ARRIVAL! MESSAGE)  ■  SLCTl 
LET  SLOT .ASSIGNIMESSAGE )  *  0 
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LET 

LET 

LET 

LET 

LET 

LET 

L£T 

L?T 

LET 

LET 

L-T 

LET 


RECSLCT (MESSAGE)  =•  ( 
d!pfCticN(MESS5GE)  ' 

CUM . ENERGY! MESSAGE ) 


0.0 


SLOT  1  AND  FRAME  1  AS  FOLLOWS 

WAS  SELECTED  TC  CARRY  THE  INITIAL  REQUES"  FOR  $ER- 
'  '►.NODE:  TO  THE  CALLED. NODE. 


INFC1 ( MESSAGE )  *  C 
INF02IMESSAGE)  -  C 
INF03 (MESSAGE)  -  0 
INF04 ( MESSAGE J  *  0 
INF05 ( MESSAGE )  »  0 
INFOfc ( MESSAGE )  *  C 
INFG7 ( MESSAGE)  *  C 
!NFO0( MESSAGE )  =  0 
INF09 ( MESSAGE )  *  0 
IF  PRNT  LE  1 

PRINT  2  LINES  WITH 
SLOT  **  OF  FRAME  * 

VICE  F PPM  THE  ORI! 

SKIP  1  OUTPUT  LINE 
ALWAYS 

•  •  CALCULATE  WHEN  THE  SERVICE  MESSAGE  WILL  ARRIVE  AT  THE  CALLED. NODE 
••  AND  SCHEDULE  ITS  ARRIVAL  IN  TIME.V  PLUS  THAT  INCREMENT.. 

.  t 

IF  FP4WE1  EC  C 

LET  OELAY1  *  (REAL. F ( SLCTI  -  CURRENT. SLCT ) )  *  SLOT .DURATION 
GO  TO  PASS 2 
ALWAYS 

IF  FRAME1  EC  1 

LET  X  «  ((SLOTS  ♦  1)  -  CURRENT. SLOT ) 

LET  Y  =  SLCTI  -  1 

LST  OSLAYl  *  (REAL. F( X  ♦  YH  *  SLOT. DURATION 
GO  TO  PASS’ 

ALWAYS 

! F  FOAMFl  EC  2 
LET  DELAY  I 
GO  TO  PASS3 
ALWAYS 

PRINT  1  LINE  WITH  CKT.SUM  AS 
- RROP  IN  CALCULATING  DElAYl  1 
SKIP  l  OUTPUT  LINE 
l  ET  f.KT.FAILEC  =  CKT.FAILEO  +  1 
LET  IIP. ROUTE  =  UP. ROUTS  -  1 
LET  P. BO. COUNTER  *  P.BC.CCUNTEP  +  1 
0 ESTsOY  THE  MESSAGE  CALLED  MESSAGE 
GO  TO  RTN 


=  (REAL. F( SLOTS  ♦  1))  *  SLOT. DURATION 


FOLLOWS 
N  EVENT 


NEW.CKT.RECMT.  CKT.TOTA. 


***** 


• PASS3* 

SCHFrOLE  AN  INITIAL. REO.FOR. SVC  GIVEN  MESSAGE  IN  DELAY1  UNITS 

lFPRINT  2  LINES  WITH  CKT.SUM,  CALLED. NODE,  (TIME.V  ♦  DELAYl)  AND 
OSLAYl  AS  FOLLOWS 

CIRCUIT  NR.  *****  HAS  SCHEDULED  AN  INI T IAL .REO.FOR . SVC  AT  NODE  ** 
TIME.V  =  ****.******  SECONCS,  I .£.  *.*•**•*  SECONDS  FROM  NOW. 
SKIP  2  OUTPUT  LINES 
ALWAYS 


AT 


•  t 

•RTN' 

IF  P°NT  LE  1 

PRINT  1  LINE  AS  FOLLOWS 

ATTRIBUTES  OF  THE  MESSAGE  ENTITY  AT  THE  END  CF  NEW.CKT.RECMT  ARE: 
LIST  ATTRIBUTES  OF  MESSAGE 
SKIP  1  OUTPUT  LINE 
ALWAYS 
PETUPN 

ENC  "OP  NEW.CKT.REQMT 
«  • 

••  THIS  EVENT  SIMULATES  THE  INITIAL  RECUEST  FOR  SERVICE  FRCM  A 
••  CALLING. NODE  TO  A  CALLED. NODE.  THE  PROCESSING  DONE  HEREIN  IS 
••  DONE  AT  THE  CALLED .NODE  • 

•  • 

EVENT  INITIAL  .REO.FOR • SVC  GIVEN  SVC1.MSG 
LET  MESSAGE  »  SVC1.MSG 
I  F  PRNT  LE  1 
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PRINT  2  LINES  WITH  TIME.V  AS  FOLLOWS 
c  VENT  INITIAL.  REG. FOR. SVC  INVOKED  AT  TIME.V  *  ****.****** 

"~sk  ’'o  i  outfut'unI 
ALWAYS 

IF  PUNT  LE  3 

PRINT  l  LINE  AS  FOLLOWS 

ATTRIBUTES  CF  MESSAGE  ENTITY  AT  THE  START  OF  INITIAL. REQ. FOR. SVC  ARES 
LIST  ATTRIBUTES  OF  MESSAGE 
SKIP  1  OUTPUT  LINE 
ALWAYS 

DEFINE  OELAY2  AS  A  REAL  VARIABLE 
LET  frame. PFC  =  0 
LET  SLOT . REC  *  0 

LET  CALLING. NCCE  *  FM.NCOEl MESSAGE » 

LET  CALLED. NCOE  *  TO.NODE (MESSAGE) 

FIRST  CHECK  TO  SEE  IF  THIS  CALLED. NCCE  ALREADY  HAS  SLOTS  ASSIGNED 
TO  CARRY  THIS  CIRCUIT  NUMBER .  IF  IT  DOES.  THEN  THE  CIRCUIT  HAS 
BACKTR ACKEO  OR  LOOPED  BACK  ACRCSS  ITSELF  AS  A  RESULT  CF  CHANGES 
TO  THE  BEST  PATH  ROUTE  AS  DETERMINED  BY  THE  DI JK .MAN IPULATION 
EVENT,  AND  WE  MUST  REMOVE  THE  SLOT  ASSIGNMENTS  IN  THE  LOOP  SINCE 
THEY  APE  NO  LONGER  NECESSARY. 

FOR  I  »  I  TC  SLOTS,  00 

IF  USE (CALLEC. NODE, 1,1)  FO  CK T. NR ( MESSAGE ) 

LET  BACKTRACK. OR. L0CP8ACK  *  B ACK TP ACK  .CR . LOOPBACK  ♦  l 
LET  ACT. LCCP. REMOVE  =  ACT .  LCGP . R E MOVE  *■  1 
CREATE  A  MESSAGE  CALLED  L0CP.80.MSG 

LET  CKT.NF (LOOP. BC. MSG)  =  CKT . NP< MESSAGE ) 

LET  TYFEU00P.3D.MSG)  *  REMOVE. LOOP 
LET  a»IGIN.ATCR(  LOCP.Sn.MSG)  =  CALLED. NODE 
LET  CSSTINATICNtLCOR.RO.MSG)  *  CALLING. NCDE 
LFT  FM.NGOEUOOP.BO.MSG)  =  TC.  NCDE  (MESSAGE) 

LET  TO.NCOE(LOOP.BO.MSG)  =  TC.NCDE ( M ESSACE) 

LET  START. TIM') LCC». BO. MSG)  =  TIME.V 

LET  HPP.CGUNrunaP.BO.MSGI  =  HCP.CCUNTI  MESSAGE) 

LET  SLCT.ARRIVAL(LOCP.BO.MSG)  »  S LOT . ARP  I VAL ( MESS AGE i 
LET  SLOT. ASSIGN (LOOP. BO. MSG)  *  SLCT . ASS  I GN(MESSAGE) 

LET  RECSLCT(LODp.BO.MSG)  =  REC S LOT ( ME SS AGE) 

LET  OIPSCTION(LOCP.eO.«SG)  =  -2 

LET  CUM. ENERGY! LOCP. BO. MSG)  =  C.O 

LET  INFCKLaCP.OC.MSG)  =  INFQ1  ( MES'  AGE  | 

LcT  INFC2UCQP. BO. MSG)  *  INFG2 < NESS AGS ) 

LET  INFCB(LOOP.BO.MSG)  *  INF03 ( MESSAGE ) 


LET  INFCMLOOP.  dC.MSG) 
LET  INFC5(L0CP .BC.MSG) 
LET  INFCBILOO3. BC.MSG) 
LET  INFC7(LOO°.BO.MSG) 
LET  INFCaUOOP.  BC.MSG) 
LET  INFC9(L00P.BC.MSGI 


INFOA(MESSAGE) 
IMFQ5 (MESSAGE) 
INF06 ( MESSAGE ) 
INF07 ( MESSAGE ) 
INFra (MESSAGE) 
INF09 ( MESSAGE) 


WE  HAVE  CREATED  ANOTHER  MESSAGE  TO  SEND  IN  THE  UPSTREAM  DIRECTION 
TO  REMOVE  THE  SLCT  ASSIGNMENTS  AT  THE  NODES  IN  THE  LOOP.  NOTE 

however  that  if  we  have  loopec  back  through  the  originator  node 

THEN  WE  MUST  CREATF  A  MESSAGE  TO  CONTINUE  THE  CIRCUIT  ESTABLISH¬ 
MENT  BEFORE  WE  SCHEOULE  AN  UPSTREAM. BREAK. DOWN  TO  DESTROY  THE 
LOOP. 


FOR  J  a  I  TC  SLOTS,  DO 

IF  USE  (CALLED. NODE, J,1 )  EG  CKT .NR (MESSAGE)  ANO 


USE (CAL LEO. NODE, J ,5)  NE  0 
GO  TC  MAKE. A. MESSAGE 
ALWAYS 


w. 


PQR  J  a  i  TC  SLOTS,  DO 

IF  USEICALLEC.NODE, J.l)  EG  CKT.NR(MESSAGE)  ANO 
USS(CALLE0.N0DE,J,5)  SO  0 
GC  TO  MAKE. A. MESSAGE 

lo&*ays 
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•  MAKE. A. MESSAGE' 

CREAT  E  A  MESSAGE  CALLED  CONT.MSG 

LET  CKT.NR(CONT .MSG)  *  CKT . NR ( MESSAGE ) 

LET  TYPE(CONT.MSG)  *  TYPE (MESSAGE  I 
LET  ORIGINATOR(CONT.MSG)  *  ORI GINATCR (MESSAGE 


LET  DESTINATION(CCNT.MSG)  -  OESTINATIQN(MESSAGE) 
LET  Fv.NCOEfCONT.MSG)  3  CALLED. NODE 
LET  TC • NCOS ( CONT . MS G)  *  e£ST.PATH( CALLED. NODE, 
0ESTINAT13N<^f SSAGE] ) 

LET  START. T1ME( 


ESSAGE] ) 
CCNT  .MS-G) 


__  _  _ _  START. TIME(MESSAGE) 

LET  HCP .COUNT (CONT.MSG)  *  PEAL . F( USE( CALLED. NOOE.J, 5)) 
LET  SLOT. ARRIVAUCONT. MSG)  *  SLOT  .ARR I VAL  (MESSAGE ) 

LET  SLCT. ASSIGNMENT. MSG)  3  SLCTS  ♦  1 
LET  RSCSLCT(CONT .M3G)  3  0 

LET  OIRSCTI ON (CONT.MSG)  *  D IRECT ION ( MESS SAGE ) 

LET  CUM. ENERGY ( CCNT .MSG)  *  RE AL . F ( US E (CALLED. NODE » J. 6 ) ) 


LET  INFCl (CONT.MSG) 
LET  INFC2(CCNT.MSG) 
LET  INFC3 (CONT .MSG) 
LET  INFC41C0NT.MSG) 
LET  INFG5(CONT.MSG) 
LET  I NFC6 (CONT . MSG ) 
LET  INF07(CONT.MSG) 
LET  INFC8(CONT.MSG) 
LET  INFCG(CONT.MSG) 


INFO  (MESSAGE) 

INFC2(MESSAGE) 

I NFC3 ( ME  SSAGE) 

INFC4 ( ME  SSAGE ) 

I NFC5 ( ME  SSAGE ) 

INF06( M^  SSAGE ) 

INFC7 (MESSAGE ) 

I NFC8 ( MESSAGE ) 
u  j  i  U1M.-MUJIU  .njo*  —  I N F C9  ( ME  S SAGE  ) 

SCHEDULE  AN  UPSTR E AM. BREAK  .DOWN  OVEN  LOOP. BD. MSG  NOW 
SCHEOUL  c  A  FINAL. A  SSI GNMENT .NOT! CE  GIVEN  CCNT. MSG  NCW 
GO  TO  RETN 
ALWAYS 
l  OOP 

NEXT  CHECK  TO  SEE  IF  THERE  IS  A  SLOT  AVAILABLE  AT  THE  CALLED. NOD: 
T0  ACCOMODATE  THE  RETURN  TRANSMISSION  OF  A  SLOT  ASSIGNMENT  AND 
RECIPROCAL  REQUEST  FOR  SERVICE.  NCTE:  WHENEVER  A  NC3E  IS  NOT 
TRANSMITTING,  IT  IS  "LISTENING"  TO  ITS  NEIGHBORS  AND  THEREFORE 
KNOWS  WHEN  A  NEIGHBOR  MAY  RECEIVE. 


0  AND  USE (CALLED .NODE , J , 4 ) 
0 


cQ  0  AND 


e  OP  J  3  1  TO  SLOTS,  00 

IF  USE(CALLEO.NOOE, J, 1)  EQ 
USE ( CALL  ING .NOOE , J , 1 )  EQ 
GO  TO  NEXT1 
ALWAYS 
LOOP 

I  F  PRNT  LE  4 

PRINT  4  LIN'S  WITH  CKT.NR( MESSAGE) ,  OR IGI NATCRI MESSAGE ) , 

OESTINATICMMESSAGE),  TIME.V,  TC.NOCEl  MESSAGE) ,  FM.NODE( MESS  AGE )  AND 

(HQ°.COUNT(M'SSAGF)  ♦  3.5)  AS  FOLLOWS  „„  „ _  „ 

CIRCUtT  NR.  tv**-*  PPOM  NO  OF  **  TO  NCCE  **  COULD  NOT  BE  ESTABLISHED  AT 
THIS  TIME,  TIME.V  3  ****.******,  BECAUSE  THERE  WERE  NO  MUTUALLY  AVAIL¬ 
ABLE  SLOTS  BETWEEN  NODES  **  AND  *•  CN  HCP  **.*  FOR  USE  IN  TRANSMITTING 
THE  RETURN  SLCT  ASSIGNMENT  TO  THE  CALL ING. NCOS. 

SKIP  l  OUTPUT  LINE 
ALWAYS 

LET  CKT.FAILEC  3  CKT. FAILED  ♦  1 
LET  UP .ROUTE  3  UP. ROUTE  -  l 

CHECK  IF  THIS  IS  THE  FIRST  HOP  OF  THE  MESSAGE.  IF  IT  IS,  THEN  THE 
BREAK  COWN  CIRCUIT  ROUTINE  NEEO  NOT  BE  CALLED  SINCE  NC  SLOTS  HAVE 
BEEN  ASSIGNED  YET.  IF  NOT,  CALL  THE  BREAK  OOWN  CIRCUIT  ROUTINE. 

IF  OR IGINATOR ( MESSAGE )  EQ  FM.NCOE( MESSAGE) 

LET  P.BO.CCUNTEP  3  P. BO. COUNTER  ♦  1 
DESTROY  THE  MESSAGE  CALLED  SVCI.MSG 
GO  TO  RETN 
ALWAYS 

i  < 

•  EXIT* 


LET  OOWN. ROUTE  3  OCWN.RCUTE  ♦  1 
LET  TYPF(M'SSAGc)  3  PARTI AL.BREAKOCWN 


LET 

•  i 

•  i 


DIRECTICMMESSAGc  )  *  3 
SINCE  NC  SLOTS  ARE  AVAILABLE  TO  CARRY 


A  SLCT  ASSIGNMENT  OR  BREAK 
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DOWN  NOTICE  SACK  TO  THE  CALL! NG.NOCE ,  SCHEDULE  THE  BREAK  COWN 
TO  COMMENCE  AUTOMATICALLY  AT  THE  CALLING. NODE  AFTER  A  DELAY  OF 
(SLOTS  ♦  21  *  SLOT .DURATION  UNITS  TO  SIMULATE  THE  REQUIREMENT 
"TIMING  OUT".  IF  A  SLOT  WERE  AVAILABLE.  THE  RE SPONSE  .REQ .FOR .SVC 
WOULD  BE  RECEIVED  BACK  AT  THE  CALLING. NCDE  BEFORE  THE  SIGNAL 
REQUIREMENT  "TIMED  OUT"  OP  EXPIREO. 


LET  STAR  T. T! KE<  MESSAGE )  *  TIME.V 
IF  SLOT . ARR  I  V AL (ME  SSAGE )  LE  SLOTS  -  2 

LET  SI  OT  .AF  RIVAL  (MESSAGE)  =*  SLCT  .ARRIVAL  ( MESSAGE  ) 
ALWAYS 

IF  SLOT. ARR  IVAL(MESSAGE)  EQ  SLOTS  -  1 
LET  SLOT.APRIVAHMESSAGE)  *  l 
ALWAYS 

IF  SLOT.ARRIVAL(MESSAGE)  EQ  SLOTS 
LET  SLOT.AFRfVAL(MESSAGE)  *  2 
ALWAYS 

SCHEDULE  A  CC WNSTRE AM .8 REAK . DOWN  GIVEN  MESSAGE  IN  (f 
SLOT. DURATION)  UNITS 
GO  TO  RETN 


(REAL  .F ( SLOTS 


,CT.ARRIVAL (MESSAGE) 
.LOTS  -  1) 


ANO  US E (CALL ED. NCDE. J.4)  EQ 


••  NOW  WE  CAN  FIND  THE  NEXT  MUTUALLY  AVAILABLE  SLOT  (AT  LEAST  1  FULL 
••  SLOT  IN  THE  FUTURE  TO  ACCOUNT  FOR  PROCESSING  TIME  IN  THIS  THE 
••  CALLEC.NCDE)  TO  CARRY  THE  SLOT  ASSIGNMENT  ANO  RECIPROCAL  REQUEST 
"  COP  SERVICE  BACK  TO  THE  CALLI NG.NCCE. 

.  . 

' NFXT1 ' 

L  ET  SLOT2  *  C 
LET  fRA"c2  *  0 

i  ET  CURRENT.:; LOT  -  SLCT.ARRIVAL  (MESSAGE) 

IF  CURRENT. SLOT  EQ  (SLOTS  -  1) 

LET  L  -  l 

GO  TO  SEARCH. NEXT. FRAME 
ALWAYS 

IF  CURRENT.  SI.GT  EQ  SLOTS 
LET  L  =*  2 

GO  TO  SFARCH. NEXT. FRAME 
ALWAYS 

I  FT  L  -  CUP  RENT .SLOT  ♦  2 
R OR  J  =  L  TO  SLOTS,  DO 

ic  USE  (  CALI.  EC. NODE.  J  ,  1)  EQ  0  ANO  USE  (CALLED  .NCDE,  J.  A)  EQ  0  ANO 
USE (  CALL  r. NG.NGDE,  J.X)  EQ  0 
LET  SLOT;!  *  J 
GO  TO  N  =  ;<T2 
ALWAYS 
LOOP 

LET  L  *  l 

.  . 

•  SEARCH. NEXT .FRAME* 

LET  FRAME2  »  1 

FOR  J  =  L  TC  SLOTS.  DO 

IF  USE( CALLED. NODE, J.ll  60  0  ANO  US E < CALLED. NCDE , J, 4 )  EQ  0  ANO 
USE ( CALL  (NG.NOOE, J. II  EQ  0 
LET  SL0T2  *  J 
G'T  TO  NEXT2 
ALWAYS 
L  COP 

IF  USF( CALL  EC  .NODE .1 . 1 )  F  Q  0  AND  USE (CALLEC.NOOE, I. 41  EQ  0  AND 
US=(CALLING.NCO=, l, 1)  EC  0 
LET  frame:  =■  2 

LrT  SL0T2  =  l 
GO  TO  NEXT2 
ALWAYS 

PRINT  l  LINE  WITH  CKT . NR ( MESSAG * )  AS  FOLLOWS  _  „ 

SECONDARY  SVC  "SG  FOR  CKT  *****  IN  ERROR  IN  EVENT  I NIT IAL.REC.FOR.SVC 

SKI P  1  OUTPUT  LINE 

l  ET  CKT.FAILEC  *  CKT. FAILED  ♦  1 

L FT  UP. ROUTE  *  yo. ROUTS  -  l 

TF  ORIGINATOR (MESSAGE )  EQ  FM.NCCE (MESSAGE > 

LCT  P. SO. COUNTER  *  ». 80 .COUNTER  ♦  I 
DESTROY  THE  MESSAGE  CALLED  SVC1.MSG 
GO  TO  RETN 


ANO  USE(CALLED.NCDE,J,4)  EQ 


AND  USE (CALLEC.NOOE, 1.4) 


tomt)  ^ 
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ALWAYS^ 

C,  0  TO  ex  IT 


IF  W§  GET  AS  FAR  AS  NEXT2  THEN  WE  HAVE  IDENTIFIED  THE  SLOT  TO  CARRY 
THE  SLCT  ASSIGNMENT  AND  RECIPROCAL  REQUEST  BACK  TO  THE  CALL¬ 
ING. NODE.  NOW  CALCULATE  WHEN  THE  SERVICE  MESSAGE  WILL  ARRIVE  AT 
THE  CALLING. NODE.  SCHEDULE  ITS  ARRIVAL  AFTER  THE  SLOT  ASSIGNMENT 
IS  MACE  LATER  IN  THIS  EVENT. 


NEXT 2* 


IF  FPAME2  EC  0 

LET  DELAY 2  *  (REAL. F 
GO  TO  NEXT’ 


(SLCT2  -  CURRENT. SLOTH  *  SLOT. DURATION 


ALWAYS 

IF  FPAMS2  EC  1  _ 

LET  X  *  ((SLOTS  ♦  l  I  -  CURRENT. SLOT ) 

LET  y  *  SLCT2  -  1 

LET  DFLAY2  -  (REAL. FIX  ♦  Y)l  *  SLOT. DURATION 
r-n  to  NEXT’ 

ALWAYS 

!F  FRAME2  50  2 

LET  CELAY2  *  (REAL.F  (SLOTS  Mil  *  SLOT. DURATION 
GO  TO  NEXT3 
tWAYS 

PINT  1  LINE  WITH  CKT .NR{ MESSAGE)  AS  FOLLOWS  _  „  „  _ 

PROP  IN  CALCULATING  0ELAY2  IN  gVENT  INITIAL. REQ. FOR. SVC.  CKT. NR  »  ***** 
KIP  1  OUTPUT  LINF. 

I  ET  CKT. FAILED  =  CKT.FAILEO  ♦  l 
L  FT  UP .ROUT E  *  UP. ROUTE  -  1 
IF  0FIGINATCP(MESSAG5I  EQ  FM.NCOE(MESSAGE) 

LET  P.8D.CC0NTER  *  o.PD. COUNTER  ♦  1 
OESTROY  THC  MESSAGE  CALLEO  SVC1.MSG 
GO  T0  RETN 
ALWAYS 
GO  TO  EXIT 

' •  IF  WE  GET  AS  FAR  AS  NEXT3  THEN  WE  HAVE  IDENTIFIED  A  SLOT  TO  CARRY 
• •  THE  SERVICE  MESSAGE  AND  HAVE  CALCULATED  THE  DELAY  RECUIRED  TO 

••  SCHECULE  THE  ARRIVAL  OF  THIS  SERVICE  MESSAGE  BACK  AT  THE  CALL- 

"  ING.NCCE. 

.  i 

••  NOW  MAKE  THE  ACTUAL  SLOT  ASSIGNMENT  FOR  THE  C-ALLING.NODE  TO  USE  TO 
••  TRANSMIT  TO  THE  CALLED. NODE.  THE  CALLED. NODE  APPLIES  THE  SLOT 

••  SELECTION  ALGORITHM  TO  SELECT  A  SLOT  WHICH  STACKS  THE  RECEIVE 

••  SIGNALS  TO  SOME  "MAX. SLOT. DEPTH" . 

i  . 

• NFXT3 • 

c OR  I  BACK  FROM  MAX .SLOT. DEPTH  TO  2.  CO 
FOR  J  M  TC  SLOTS,  DC 

IF  US  E( CALLED.NOOE . J, 1 1  EC  0  AND  US E ( CALL  EC. NODE , J. A)  EQ  (I  -  II 
AND  USe(CALLING.NCOEfJ«l)  EQ  0  AND  US E( CALLING. NODE, J . 41  EQ  0 
LET  SLCT.RSC  *  J 
GO  TO  NEXT4 
ALWAYS 
LOOP 
LOOP 

,  i 

••  IF  PROCESSING  PASSES  THROUGH  THE  NESTED  00  LOOPS  ABOVE  THEN  WE  CAN- 
•  •  NOT  STACK  THE  RECEIVE  SIGNAL  AND  MLST  EXAMINE  THE  POSSIBILITY  OF 

•*  ASSIGNING  AN  EMPTY  SLOT  AS  THE  NEW  RECEIVE  SLOT.  THIS  SLOT  MUST 

**  BE  AT  15AST  I  CULL  SLOT  IN  THE  FUTURE  TC  ACCOUNT  FOR  PROCESSING 

••  TI«E  IN  THIS  THE  CALLED.NOOE. 


IF  CURRENT. SLOT  EQ  (SLOTS  -  II 

TO  FIND. RECEIVE. SLCT. IN. NEXT. FRAME 
ALWAYS 

IF  CURRENT. SLCT  EQ  SLOTS 
LET  M  «  2 

G0  TO  FIND. RECEIVE. SLCT. IN. NEXT. FRAME 
LklAMS-  CURRENT. SLOT  «■  2 
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c OR  I  -  M  TC  SLOTS,  mu 

IP  'JSEICALLEQ.NOOE,  I, II  EQ  0  AND  USE(CALLEO. NODE,  1,4)  EQ  0  AND 
liSE  (  CALL  1  NG  .NODE ,  1,11  EQ  0  ANO  USEICALLlNG.NQDE,  1 ,4  )  EQ  0 
LET  SLOT  .REC  »  I 
GO  TO  NEXT* 

ELSE 

LOOP 

I.  ET  *  *  1 
,  • 

• FINO. RECEIVE. SLOT. IN. NEXT. FRAME* 

LET  FRAME. R£C  *  I 
FOR  J  »  M  TC  SLOTS,  DO 

IF  USF<  CALLFC.NCDE,  J,  1)  EO  0  ANO  USE(CALLEO.NCDE»J,4>  EQ  Q  ANO 
US F( CALL  INC  .NODE, J, It  EO  0  ANO  USE(CAUlNG.NODE,J,4)  EQ  0 
LET  SLOT .REC  «  J 
GO  TO  NEXT4 
ALWAYS 

IF°USE(CALLEC. NOOE, 1,1)  EQ  0  ANO  USE (CALLED.NOOE, 1 , 4)  EQ  0  AND 
USEiCALLING  .NCDE.l, 1 )  EQ  0  ANC  USE ( CALL  ING.NGDE , 1 ,4)  EQ  0 
LET  CRAME.REC  =>  2 
LET  SLOT. REC  *  1 
GO  TO  NSXT4 
ALWAYS 

! F  PP NT  LE  4 

PRINT  *  LINES  WITH  CKT. NR ( MESSAGE ) »  OR IG I NATORI MESSAGE) ,  DESTINATION 
(MESSAGE),  TIME.V,  HOP. COUNT! MESSAGE ) ,  TO  .NCOE ( MESSAGE )  ANO  FM.NOOE 
(MESSAGE)  AS  FOLLOWS 

CIRCUIT. NR.  *****  FPCIM  NCOE  **  TO  NOCE  **  COMMENCING  BREAKDOWN  AT 
TiMg.v  =  AFTER  *.**  HOPS  WERE  COMPLETED  BECAUSE  THE 

CALLED. NCOE  (NODE  <*)  RECOGNIZED  THAT  THERE  WERE  NO  MUTUALLY  AVAILABLE 


CALLED. NODE  (NODE  <*)  RECOGNIZED  THAT 


:RE_WgRE . NO. MUTUALLY . AVAILABLE 


(NODE  **>. 


SLOTS  FOR  ASSIGNMENT  BETWEEN  THIS  NODE  AND  THE  CALLING.NODE  (NODE  **l 
SKIP  I  OUTPUT  LINE 
ALWAYS 

LET  CKT. FAILED  =  CKT.  FAILED  ♦  1 

I  ET  UP .ROUT F  =  UP .ROUTE  -  l 

IF  ORIGI NATCR (MESS AGE )  EQ  FM.NCCB (MS SSAGE ) 

LET  P. BO. COUNTER  *  P.BO.COUNTER  ♦  1 
DESTROY  THE  MESSAGE  CALLED  SVC1.MSG 
GO  TO  RETN 
ALWAYS 
GO  TO  EXIT 
■  , 

• •  WF  CAN  NOW  MAKE  THE  SLOT  ASSIGNMENT,  UPDATE  THE  MESSAGE.  ANO 
• •  SCHEDULE  THE  "RESPONSE. REQ. FOR. SVC"  AT  THE  CALLING.NODE 
,  , 

•  NEXT*' 

LET  USE(r.  ALLEC.NCOE,'5LCT.PSC,4)  *  US  I  (CALLED.  NODE ,  SLOT  .REC,  4 )  ♦  I 

L  ET  CHANGE. FLAG  =  1 

LET  SLO-.APfllVAL(MESSAGE)  =  SLCT2 

LET  SLCT. ASS  !GN(WESSAGE )  *  SLOT. REC 

LET  PECSLCT (MESSAGE)  =  SLOT. REC 

SCHEmjLF  A  RESPONSE .RE Q.pOP • SVC  GIVEN  MESSAGE  IN  DELAY2  UNITS 
t  F  PPNT  LE  I 

PRINT  2  LINES  WITH  CKT. NR ( ME SSAGE ) ,  FM.NODE(MESSAGE) ,  (TIME.V  ♦ 
CELAY2)  AND  0ELAY2  AS  FOLLOWS 

CIRCUIT  NR.  *****  HAS  SCHEDULED  A  RESPONSE. REC. FOR. SVC  AT  NODE  **  AT 
TIME.V  *  ♦***.****•*,  I.E.  *.****•♦  SECONDS  FROM  NOW. 

SKIP  I  OUTPLT  LIN| 

PRINT  1  LINE  AS  FOLLOWS 

ATTRIBUTES  OF  MESSAGE  CNT ITY  AT  END  OF  IN  IT  I AL.REQ.FOR.SVC  ARE: 

LIST  ATTRIBUTES  OF  MESSAGE 
SKIP  1  OUTPUT  LINE 
ALWAYS 
,  , 

• RETN* 

RFTUPN 

^NO  "OF  INITIAL. REQ. FOR. SVC 


'  •  THIS  EVENT  SIMULATES  THE  RESPONSE  RECUEST  FOR  SERVICE  FROM  A 
••  CALLED. NODE  BACK  TO  A  CALLING. NOOE.  THE  PROCESSING  SIMULATED 

••  HEREIN  IS  DONE  AT  THE  CALL  ING  .NOOE  . 
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eVPNT  R6SPONSE.RcO.POR. SVC  GIVEN  SVC 2. MSG 
LET  MESSAGE  «  SVC2.MSG 
IF  PPNT  LE  1 

PRINT  2  LINES  WITH  TIME.V  AS  FOLLOWS 
EVENT  RESPONSE. REO. FOP.. SVC  INVOKED  AT  TIME.V  ■  ****.****** 

""SKIP  I  OUTPUT  lTn'e 
ALWAYS 

I F  PRNT  LE  3 

AT-fsiBUTyNCFAMEsiA(5?WiNTITY  AT  THE  START  OF  RESPONSE  .REQ. FOR.  SVC  ARES 
LIST  ATTRIBUTES  OF  MESSAGE 
SKIP  1  OUTPUT  LINE 
A  L WAYS 

OFFINc  0PLAY3  AS  A  REAL  VARIABLE 
LET  FRAMf.REC  »  0 
LET  SLOT . RSC  *  C 
>  , 

••  FIRST  CHECK  TO  SEE  IF  THERE  IS  STILL  A  SLOT  AVAILABLE  AT  THE  CALL- 
••  I NG. NCOS  TO  ACCOMODATE  THE  RETURN  TRANSMISSION  OF  A  SLOT  ASSIGN- 

••  MCNT  TO  THE  CALLED. NODE.  NOTE:  AS  ALWAYS.  WHENEVER  A  NODE  IS 

••  NOT  TRANSMITTING.  IT  IS  "LISTENING"  TO  ITS  NEIGHBORS  AND  THERE- 

••  FORE  KNOWS  IF  AND  WHEN  A  NEIGHBOR  MAY  RECEIVE. 

t  • 

LET  CALL ING. NCOS  *  FM  .NCDE ( ME S S AGE  I 
L  ET  CALLED. NCCE  =  TO.NCCEIMESSAGEI 
FOR  J  =  1  TC  SLOTS,  00 

IF  USE ( CALL  I NG.NOCE  »  J . 1 )  EQ  C  ANC  USE ( CALLING  .NOOE . J ,4 )  EQ  0  ANO 
USE ( C ALL EC. NODE. J • 1  I  EQ  0 
GO  TO  PASS! 

ALWAYS 

LOOP 

I  F  opfiT  LE  1 

“PINT  4  LINES  WITH  CKT.NRI MESSAGE) ,  OR  I GI NATCRC MESS AGE ) » 

PEST  I  NATION! MESSAGE).  TIME.V,  FM .NODE (MESSAGE ) ,  TO. NODE (MESSAGE )  AND 
(HOP.COUNT(MESSAGE)  ♦  0.5)  AS  FQLLCWS 
CIPCUIT  NR.  *****  FROM  NCDE  **  TO  NOCE  **  CCULO  NOT  BE  ESTABLISHED  AT 
This  time,  TIME.V  a  ****.***♦*♦,  BECAUSE  THERE  WERE  NO  MUTUALLY  AVAIL¬ 
ABLE  SLOTS  BETWEEN  NCOES  **  ANO  **  CN  HCP  **.*  FOR  USE  IN  TRANSMITTING 
THE  RETURN  SLOT  ASSIGNMENT  TO  THE  CALLED. NOCE. 

SKIP  1  OUTPUT  LINE 
ALWAYS 
,  , 

•XSIT* 

,  , 

••  SINCE  NC  SLOTS  ARE  AVAILABLE  TO  CARRY  A  SLOT  ASSIGNMENT  OP  BREAK 
••  onWN  NOTICE  BACK  TO  thc  CALLED. NODE,  SCHEDULE  THE  BREAK  DOWN  TO 

'•  COMMENCE  AUTOMATICALLY  AT  THE  CALLED. NCCE  AFTER  A  DELAY  OF  (SLOTS 

•'  *  2)  *  SLOT. DURATION  UNITS  TO  SIMULATE  THE  REOUI REMENT  "TIMING 

••  HUT"  OR  EXPiPING.  IF  THE  SLOT  THAT  WAS  JUST  ASSIGNED  BY  THE  CAL- 

•  •  LED. NCCE  WERE  STILL  AVAILABLE  AT  THE  CALLING. NODE,  IT  COULD  BE 

••  US CD  ANC  THE  P INAL. ASSIGNMENT. NOTICE  WOULD  BE  RECEIVED  BACK  AT 

•  •  THE  CALLED. NODS  BEFOO.E  THE  SIGNAL  PEQU IREMENT  "TIMED  CUT". 

PERFORM  CKT  .IS.NOT.SSTAS  GIVEN  MESSAGE 
LET  ftarT.T  IME( MESSAGE )  =  TIME.V 
IF  SLOT.APRI VAL(MESSAG? )  1=  SLCTS  -  2 

L=T  SLOT.arpivAL(MSSSAGE)  =  SLOT.ARRIVAL(MESSAGE)  ♦  2 
ALWAYS 

IF  SLOT.ARP  tv AL( MESSAGE  I  EQ  SLCTS  -  1 
LET  SLOT.ARPIVAUMESSAGg)  *  I 
ALWAYS 

IF  SLOT.ARRIVAL(MESSAGE)  EQ  SLCTS 
LET  SLOT.APPIVAL(MESSAGE)  »  2 
ALWAYS 

tF  FM  .NOOE (  MESSAGE  )  EQ  CR. IGI NATOR  (ME SSAGE ) 

CRFATE  A  MESSAGE  CALLED  NEW. MSG 

til 


LET  ORIGINATOR(NEW.MSG)  ■ 
LET  DESTINATION(NeW.MSG) 


ORIGINATOR (HESS AGE) 

•  DESTINATION) MESSAGE ) 
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LET  FM.NOCE(NEW.MSG)  =  FM.NCDF (MESSAGE) 

LET  TO.NCCE(NEW.MSG)  *  TO  .NCDE (MESSAGE ) 

LET  START. TIMEJNEW.MSG)  *  TIMG.V 

LET  HCP.CCUNT(NSw.MSG)  *  HCP .CCUNT( MESSAGE ) 

LET  SLOT. ARRIVAL(NEw. MSG)  «  S  LOT  .  ARR I  VAL<  MESSAGE » 
LET  SLOT  .ASSIGN(NEW.MSG)  ■  SLCT.ASSIGN(MESSAGE) 
LET  RECSLCT(NEW.MSG)  »  SLOTS  ♦  1 
LET  DIRECTICN(NEw.MSG)  *  3 
LET  CUM. ENERGY (NEW. MSG)  =  0.0 


IET  INFO  1 (NEW .MSG ) 
LET  I NFP2 (NEW. MSG ) 
LET  INF03 (NSW .MSG ) 
L3t  INFOAiNEW.MSG) 
LET  INFOE ( NSW. MSG ) 
LET  INF06 (NEW. MSG ) 
LET  I  NFO  7  (  NEW  .M$0> ) 
LET  I NFC8  (NEW .MSG ) 
LET  INFOS (NEW. MSG) 


INFOl (MESSAGE) 

INFC2 ( ME  SSAGE ) 

NF03(MESSAGE) 

NFC4 ( MESSAGE) 

INF05(MESSAGE) 

INFOS (MESSAGE) 

INF07 ( MESSAGE) 

INF09 (MESSAGE) 

NFC9 ( MESSAGE ) 

DESTROY  THE  MESSAGE  CALLED  SVC2.MSG 
SCHEO'JLE  AN  UPSTREAM. BREAK. DOWN  GIVEN  NEW. MSG  IN  (REAL. F( SLOTS  ♦ 
SLOT. DURATION)  UNITS 
GC  TO  RETRN 
A  LWAYS 

CREATE  *  MESSAGE  CALLSC  NEW. MSG 

LET  CKT.NP (NSW. MSG)  *  C KT .NR ( ME SSA GE) 

LET  TYPE ( NEW  .MSG  I  =  PARTIAL. BREAKDOWN 

LET  OPIGINATOR(NEW.MSG)  »  OR  I G I NATC P ( ME SS AGE  I 

LET  DESTINATION(NfW .MSG )  =  DE ST  INA T ION ( MESSAGE) 

LET  FM.NCCE(NEw.MSG)  =  FM.N CC E ( M ES S AGE ) 

LET  T0.N0CE1N2W.MSj)  *  TO.NOCE ( MES S AGE ) 

LET  START.  TIMEINEW. MSG)  =  TIME.V 

LET  SLOT.ARPIVAL(N=W.HSG)  =  S LCT .A R RIVAL ( MESSAGE) 

LET  SLOT.  ASSIG'KNFW. MSG)  =  SLOT . AS S IGN( MESSAGE) 

LET  F£CSl:T(N2W.MSG)  *■  RECSLCTI M ESS AGE) 

LFT  DIRECTICN(NEW.MSG)  *  0 
LET  CUM.ENEPGY(NEW.MSC)  •  C.C 


2)  * 


LET  INFOl ( NEW . MSG  I  *  INFOl (MESSAGE 
LET  INF02(NEw.MSG)  »  INFo1( ME SSAGE 


LET  INF03(NEW.MSGI 
LET  INF 04 ( NEW. MSG ) 
LET  INF05  <  FEW. MSG) 
LET  INFQ6 (NEW .MSG) 
LET  INF07(NEW.MSG) 
LET  INF08 ( NEW .MSG ) 
LET  INFQ9 (NEW. MSG) 


INF03(MESSAGE) 

INF04 ( MESSAGE ) 

INFOE(MESSAGE) 

INF06 ( MESSAGE  ) 

INF07J MESSAGE) 

INF08 ( MESSAGE ) 

__  _ _  .  ..  INF09  (  MESSAGE  I 

c  CHECULF  AN  UPSTREAM. BREAK. OCWN  GIVEN  NEW. MSG  IN  ( REAL .F (SLOTS  ♦  2)  * 
SLOT. OURAT  ION)  UNITS 
LET  0IR6CTICMMSSSAGE)  »  4 

SCHEDULE  A  CCWNSTPEAM. BREAK. DOWN  GIVEN  MESSAGE  NOW 
GC  TO  RETRN 


NOW  wf  CAN  FIND  THE  NEXT  MUTUALLY  AVAILABLE  SLOT  (AT  LEAST  1  FULL 
SLOT  IN  THE  FUTURE  TO  ACCOUNT  FOR  PROCESSING  TIME  IN  THIS  THE 
CALLING. NODE)  TO  CARRY  THE  SLOT  ASSIGNMENT  BACK  TO  THE 
CALLEC.NCOE. 

PASS1  • 

1  ET  SL0T3  *  0 
LET  FRAM=3  *  C 

LET  CURRENT. SLOT  «  SL OT. ARRIVAL (MESSAGE) 

IF  CURRENT. SLCT  EQ  (SLOTS  -  1) 

ir  n  >  i 

GC  TO  SEARCH. NEXT. FRAME 
ALWAYS 

IF  CURRENT. SLCT  EQ  SLOTS 

kflTTO  SEARCH. NEXT. FRAME 
ALWAYS 

lf§;  3 :  STc^efkfoS 2 

IF  US E( CALL  I  KG. NODE  » J  *1 )  EQ  0  AND  USE (CALLING .NOOEtJt 4)  EC  0  AND 
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USE (C ALL EC. NODE* J « 1 )  EQ  0 
LET  SLOT3  «  J 
GO  TO  PASS2 
ALWAYS 
L  00° 

LET  N  *  1 
•  • 

•  SEARCH. NEXT. FRAME* 

LET  fram  E3  *  1 

POP  J  »  N  TC  SLOTS.  00 

IP  USE <  CALL ING.NODE ,  J.l )  50  0  AND  LSE  (CALLING.NOOEt J. 4)  EC  0  AND 
USE1CALLEC.  NODE, J.l)  EO  0 
LET  SL0T3  *  J 
GO  TO  PASS2 
ALWAYS 
l  OOP 

IP  US5(CALLIKG. NODE, 1,1)  EO  0  AND  US E (C ALL ING .NGOE . 1.4 J  EQ  C  ANO 


r  JJCILBLl  1  n  V5  .  MiJUC  ,  1  , 1  I  CM 

USF(CALLEC. NODE. 1.1)  EO  0 
LET  FRAME’  *  2 
IET  SL0T3  *  1 


IET  SL0T3  *  1 
GO  TO  PASS2 
ALWAYS 

°RINT  1  LINE  WITH  CKT . NR( HE S SAGE )  AS  FOLLOWS 

’FRTIARY  SVC  MSG  FOR  CKT  *****  IN  ERROR  IN  EVENT  RESPONSE .REO.FOR. SVC 
SKIP  1  OUTPUT  LINE 
GO  TO  XSIT 

.  i 

•  *  IF  WF  GET  AS  FAR  AS  PASS2  THEN  WE  HAVE  IDENTIFIED  THE  SLOT  TO  CARRY 

•  '  THE  SLOT  ASSIGNMENT  SACK  TO  THE  CALLED. NODE.  NOW  CALCULATE  WHEN 

••  THF  SERVICE  MESSAGE  WILL  ARRIVE  AT  THE  CALLEO.NOOE.  WE  SHALL 

••  SCHEDULE  ITS  ARRIVAL  AFTER  THE  SLOT  ASSIGNMENT  HAS  BEEN  MAOE 

•  •  LATER  IN  THIS  EVENT. 


THIS  EVENT. 


•  PASS  2' 

IF  FP AMP?  =  C 

LET  0ELAY3  «  (REAL.Fi SL0T3  -  CURRENT. SLCT ))  *  SLOT. DURATION 
GO  TO  PASS 3 
ALWAYS 

IF  F0AME3  EC  X 

L«=T  X  =  ((SLOTS  ♦  l)  -  CURRENT. SLOT) 

LET  Y  a  SLCT3  -  1 

LET  0ELAY3  *  ( REAL. F ( X  ♦  Y ) )  *  SLOT .DURAT ION 
GO  TO  PASS3 
ALWAYS 

I F  fo AMp  3  EQ  2 

LET  0*LAY3  a  ( PEAL.  F  (  SLOTS  «■!))*  SLOT. DURATION 
GO  TO  PASS3 
ALWAYS 

PRINT  1  LINE  WITH  CKT . NP( MES SAGE  I  AS  FOLLOWS 

ERROR  IN  CALCULATING  0ELAY3  IN  EVENT  RESPONSE. REQ. FOR. SVC,  CKT. NR  a***** 
SKIP  1  OUTPUT  LINE 
GO  to. XSIT 

«  , 

••  IF  WE  GET  AS  FAR  AS  PASS3  THEN  WE  HAVE  IDENTIFIED  A  SLCT  TO  CARRY 
'•  THE  SERVICE  MESSAGE  SLOT  ASSIGNMENT  AND  HAVE  CALCULATED  THE  DELAY 

••  REQUIRED  TO  SCHEOULE  THE  ARRIVAL  OF  THIS  SERVICE  MESSAGE  BACK  AT 

• •  THE  CALLEO.NOOE. 

.  . 

••  NOW  APPLY  THE  SLOT  SeLcCTICN  ALGORITHM  TO  SELECT  A  SLOT  WHICH  PER- 
••  MITS  RECEIVE  SIGNALS  TO  BE  STACKED  TO  SOME  "MAX. SLOT. DEPTH".  THE 

••  ACTUAL  SLOT  ASSIGNMENT  IS  MADE  BY  THE  CALLING. NODE. 

i  . 

• PASS3* 

FOR  I  BACK  FPCM  MAX.SLOT.OEPTH  TO  2,  DO 
FOR  J  >  J  TC  SLOTS,  DO 

IF  USE(CALLING.NOOE.J.l)  EQ  0  AND  USE (CALLING. NODE, J, 4)  EQ  (I  -  U 
ANO  USEKALLED.  NODE,  J.l)  EQ  0  AND  USE  (CALLED. NODE  ,J, 4  )  EQ  0 
LET  SLCT .REC  -  J 


GO  TO  PASS4 
ALWAYS 
LOOP 
LOOP 
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••  IF  PROCESSING  PASSES  THROUGH  THE  NESTEO  DC  LOOPS  AeOVE  THEN  WE  CAN- 
••  NOT  STACK  THF  RECEIVE  SIGNAL  AND  MUST  EXAMINE  THE  POSSIBILITY  OF 
••  ASSIGNING  AN  EMPTY  SLOT  AS  THE  NEW  RECEIVE  SLOT.  THIS  SLOT  MUST 

••  Be  AT  LEAST  1  FULL  SLOT  IN  THE  FUTURE  TC  ACCOUNT  FOR  PROCESSING 

'•  TIME  in  this  the  CALL  IN'G.NOOE. 

•  • 

IF  CURRENT. SLCT  EQ  (SLOTS  -  1) 

LET  M  *  1 

GO  TO  FINC. RECEIVE. SLCT. IN. NEXT. FRAME 
ALWAYS 

TF  CURRENT. SLOT  EQ  SLOTS 
LET  M  =  2 

GO  TO  FINC. RECEIVE. SLCT. IN. NEXT. FRAME 
ALWAYS 

LET  M  »  CURRENT. SLOT  ♦  2 
FOR  I  =  M  TC  SLOTS.  00 

IF  USE ( CALL  I  NG.NODE .1.1)  EC  0  ANC  USE (CALLING. NODE* 1.4)  EQ  0  ANO 
USc(CALLEC.NODE, I . 1 )  EQ  0  ANO  US E (CALLED. NODE . I ,4 »  EQ  0 
LET  SLCT.REC  *  I 
GO  TO  P«S$4 
FLSE 
LOOP 

LET  M  a  1 

•  FIND. RECEIVE. SLOT. IN. NEXT. FRAME* 

LET  FRAME. PEC  *  1 
F OP  J  =  M  TO  SLOTS.  00 

IF  US E( CALLING. NODE. J.l)  EQ  C  AND  USE (CALL ING .NODE. J , 4)  EQ  0  ANO 
US P ( C ALL EC. NODE . J  *  1 )  EQ  0  ANO  USE (CALLED. NODE. J. 4)  EQ  0 
LET  SLOT. PEC  «  J 


GO  TO  PASS4 
ALWAYS 

TFCUSE( CALLING. NODE, 1.1 )  EQ  0  ANO  US  £ . CALL ING .NODE . 1 . 4 1  EQ  C  AND 
USrtCALLEC.NOOE.l.l )  EQ  0  AND  USE ( C.M.LEC . NODE ,1 , 4)  EQ  0 
LET  FRAME. REC  =  2 
LET  SLOT. REC  »  1 
GO  TO  PASS4 
A  LWAYS 

IF  PRNT  LE  l 

PRINT  4  LINES  WITH  CKT.NR(WESSAGE)  .  ORIGINATOR! MESSAGE) >  DESTINATION 
(MESSAGE),  TIME.V,  FOP .COUNT ( MES $ »GE ) ,  FM. NODE (MESS AGE )  AND  TO. NODE 
(MESSAGE)  AS  FOLLOWS 

CIRCUIT  NP.  4**4*  FROM  NODE  **  TO  NODE  **  COMMENCING  BREAK  OCWN  AS 

TIME.V  =  ***■*.**■***-»  AFTER  *.?*  HOPS  WERE  COMPLETED  BECAUSE  THE  CALL¬ 
ING. NOCE  (NCDE  **)  RECOGNIZED  THAT  THERE  WERE  NO  MUTUALLY  AVAILABLE 
SLOTS  FOP  ASSIGNMENT  BETWEEN  THIS  NCDE  ANO  THE  CALLED. NOOE  (NODE  **). 
SKIP  l  OUTPUT  LINE 
ALWAYS 
c-O  to  XS  IT 
.  . 

••  CHECK  TC  SEE  IF  THE  SLOT  THE  CALLED. NOOE  WANTS  TO  ASSIGN  AS  OUR 

•  •  TRANSMIT  SLOT  IS  STILL  AVAILABLE.  IT  MAY  HAVE  BEEN  ASSIGNED  FOR 

••  SOME  CTHEP.  USE  DURING  T HE  LAST  SEVERAL  MILLISECONDS  WHILE  THE  2 

'•  NODES  WERE  COORDINATING. 

.  . 

•  PASS4* 

IF  US  E( CALL  TNG. NODE. SLOT.ASSIGN(MESSAGE).l)  NE  0  OR  USE (CALLING. NODE  , 
SL0T.4SSIGMMESSAGS)  ,4)  NS  0 
IF  LTD. PRINT  EQ  0 

PRINT  3  LINES  WITH  CKT. NR < ME S SAGE )  AS  FOLLOWS 
CIRCUIT  NR.  *****  IS  EITHER  EXPERIENCING  AN  ERROR  OR  HAS  HAO  ITS  ANTICI¬ 
PATED  UPSTREAM  TRANSMIT  SLOT  2SSIGNED  FCR  SOME  OTHER  PURPOSE  A  SPLIT- 
SECOND  BEFORE  THIS  ASSIGNMENT  NAS  RECEIVED  IN  RESPONSE.REC.FOR.SVC. 
SKIP  1  OUTPUT  LINE 
ALWAYS 
GO  TO  XSIT 
ALWAYS 
.  . 

LET  HOP. COUNT (MESSAGE)  -  HOP. CCUNT (MESSAGE )  *  0.5 
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••  WE  CAN  NOW  MAKE  THE  SLOT  ASSIGNMENT,  UPDATE  THE  MESSAGE,  ANO 
••  SCHEOULE  THE  "FINAL. ASSIGNMENT. NOTICE'*  AT  THE  CALLED. NODE. 

LET  USE ( CALL  I  NG.NODE »  SLOT .RPC ♦ 4 )  *  USE! CALL ING. NODE , SLOT. REC, 4)  ♦  1 
LET  USEICALCING.  NODE, SLOT. ASS  I GN I  MESSAGE > . I )  -  CXT .NR ( MESSAGE) 

LET  USEICALLING.NQDE.SLCT.ASSIGMMESSAGS)  ,2)  *  SLOT. REC 
LFT  USE(CALLING.NODE.SLCT.ASSIGNCMESSAGE) ,3)  *  CALLED. NODE 
LET  CHANGE. FLAG  -  1 

a  , 

LET  ELOT.AFPIVAUMESSAGE!  *  SLCT3 
LET  SLOT.ASSIGN(MESSAGE)  =*  SLOT. REC 

SCHEDULE  A  FINAL. ASSIGNMENT. NO TICE  GIVEN  MESSAGE  IN  DELAV3  UNITS 
IF  PENT  LE  1 

PRINT  2  LINES  WITH  CKT. NR ( HE S SAGE)  ,  T Q.N DDE ( MESSAGE ) ,  (TIME.V  ♦ 
nELAY3 )  ANO  OELAY3  AS  FOLLOWS 

CI«CUIT  NR.  *****  HAS  SCHEDULED  A  F  INAL .ASS IGNMENT.NOTI CE  AT  NODE  ** 
AT  TIME.V  *  ****.*♦•***,  I.E.  *.****••  SECCNOS  FROM  NOW. 

SKIP  1  OUTPUT  LINE 
PRINT  1  LINE  AS  FOLLOWS 

ATTRIBUTES  OF  MESSAGE  ENTITY  AT  THE  END  OF  RESPONSE. REO. FOR. SVC  ARE: 


LIST  ATTRIBUTES  OF  MESSAGE 
SKIP  1  OUTFLT  LINE 
ALWAYS 

i  , 

• retrn* 

RFTUPN 

c  ND  "OF  RESPONSE.  REQ.FCR.  SVC 

,  , 

••  THIS  EVENT  SIMULATES  THE  ACTICNS  PERFORMED  AT  THE  CALLEO.NODE  WHEN 
»•  THE  FINAL  SERVICE  OR  COORDINATION  S.OT  ASSIGNMENT  MESSAGE  IS 

••  RECEIVED  FROM  THE  CALL  I NG  .NODE .  THE  CALLED. NODE  MAY  BE  THE 

•*  DESTINATION  NODE  For  THE  CIRCUIT  OR  MIGHT  ONLY  BE  ONE  OF  THE 

••  INTERMEDIATE  NODES  ON  THE  BEST  .PATH  TO  THE  DESTINATION. 

,  , 

EVEN"1-  FINAL. ASSIGNMENT. NOTICE  GIVEN  SVC3.HSG 
LET  MESSAGE  *  SVC 3. MSG 
DEFINE  DELAY4  AS  A  REAL  VARIABLE 
,  , 

«•  FIRST  TEST  TO  SEE  IF  THI$  IS  THE  CONTINUATION  OF  A  SHORT  CIRCUIT 
J j  LOOP  MESSAGE. 

IF  SLOT .ASS !GN( MESSAGE )  EQ  SLOTS  ♦  1 
GO  TO  CONTI 
ALWAYS 
,  , 

I F  ®RNT  LE  X 

PRINT  2  LINT'S  WITH  TIME.V  AS  FOLLOWS 
c  VENT  FINAL. ASSIGNMENT. NOTICE  INVOKED  AT  TIME.V  *  ****.****** 

SKI °  1  OUTPUT  LINc~ 

A  LW  AYS 

I F  ?onT  LF  3 

PRINT  1  LINE  AS  "OLLCWS 

ATTRI  BUTE  $  CF  Tr.c  MESSAGE  ENTITY  AT  START  OF  FINAL.  ASSIGNMENT  .NOTI  CE : 
LIST  ATTRIBUTES  OF  MESSAGE 
SKIP  l  OUTPLT  LINS 
ALWAYS 

LET  CALLING. NCOE  *  FM. NCOE( MSS S AGE ) 

LET  CALLED. NCCE  *  TO. NODE  MESSAGE ) 

,  , 

••  CHECK  TC  SEE  IF  THE  SLOT  THE  CALLING. NODS  WANTS  TO  ASSIGN  AS  THIS 
'•  CALLED. NODE  TRANSMIT  SLOT  IS  STILL  AVAILABLE.  IT  MAY  HAVE  BEEN 

••  ASSIGNED  FOR  SOME  OTHER  USE  WHILE  THE  2  NODES  WERE  COORDINATING. 

,  , 

IF  USE <  CALL  EC. NCOS, SCOT .ASS IGN ( MgSSAr  E ) , I )  NE  0  OR  USE ( CALL EC. NODE, 

N- 0 

PRINT  3  LINES  WITH  CKT. NR< MESSAGE)  AS  FCLLOWS 
CIRCUIT  NR.  *****  IS  EITHER  EXPERIENCING  AN  ERROR  OR  HAS  HAD  ITS  ANTICI¬ 
PATED  OOVNSTREAM  TRANSMIT  SLOT  ASSIGNED  FCR  SOME  OTHER  USE  A  SPLIT- 
SECONO  BEFORE  THIS  ASSIGNMENT  WAS  RECEIVED  IN  FINAL .ASSI GNMENT .NOT ICE. 


SHORT  CIRCUIT 
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SKIP  l  OUTPUT  LINE 
ALWAYS 

PERFORM  CKT.IS.NCT. ESTAe  GIVEN  MESSAGE 

LET  USE(CALLEC.NOOr,fiECSLOT(MESSAGE;  ,4»  *  USE ( CALLED. NODE , 
PSC$LCT(WESS4GEJ.4)  -  1 
LET  START. tihE<M=SSAGE)  *  YIME.V 
IP  SLOT.  ARPIVAUM63SAGE  )  L£  SLOTS  -  2 

LET  SLOT.ARPIVALMESSAGE)  _  SLOT  .ARR I VAL( MESSAGE )  +  2 
ALWAYS 

IF  SLOT.APPIVALI MESSAGE )  EO  SLOTS  -  1 
LET  SLOT. ARRIVAL* “ESSAG5)  «  1 
ALWAYS 

IF  SLOT .APR  IV AL (MESSAGE )  SO  SLOTS 
LET  SLOT. ARRIVAL* MESS  AGE)  «  2 
ALWAYS 

LET  OIC.ECTICN(MESSAGF)  *  5 

SCHEOHLE  A  "OWNSTRSAM.BREAK.CCWN  GIVEN  MESSAGE  IN  < REAL. F ( SLOTS  ♦  2)  * 
SLOT. DURATION)  UNITS 
GO  TO  RET  IRA 
ALWAYS 

<  t 

1-  ET  HOP.COUNT(MESSAGE)  «  HOP.CCUNT(MESSAGE)  +  0.5 

LPT  CUM.ENEPGY(MSSSAGc)  =  CUM . ENERGY  *  ME SS AGE)  ♦  ENERGY ( CALL ING.NCDE , 
CALLED. NODE ) 

»  « 

'•  RECORC  THE  TRANSMIT  SLOT  ASSIGNMENT. 

i  i 

L  ET  USE* CALL FC.NODE.SLCT. ASSIGN (MESSAGE ), 1) 

LET  USE (CALL EC. NODE. SLOT. ASSIGN (MESS AGE ) ,2) 
l  FT  USE*CALLEC.N00E.§LGT.ASSIGN\MESSAGS<t3) 

L  ET  USE (CALL EC. NCOS, SLOT. ASSIGN (MESS AGE ‘.5 ) 

LET  USE* C ALL  EC. NODE.S LOT. ASSIGN* MESS  AGE) ,6) 

LET  CHANGE. FLAG  =  1 

t  • 

• •  THE  FOLLOWING  BLOCK  OF  STATEMENTS  STCRE  'HE  LINK  NUMBER  OF  THE  LINK 
"  JUST  USEO  tq  CARRY  THE  ”CST  RECENT  HOP  OF  THE  CIRCUIT.  THIS  INFO 

••  WILL  eE  COLLSCTEC  IN  THE  C CMP LETED .CKT  ROUTINE  TC  PRODUCE  A  LINK 
USAGE  PEPORT  AT  THE  ENO  OF  THE  SIMULATION.  NOTE:  AFTER  SEVERAL 
WEEKS  OF  EXPERIENCED  WITH  THIS  PROGRAM  WE  HAVE  YET  TO  SEE  ANY 
CIRCUITS  BACKTRACK  OR  LCCPBACK  SO  THE  CODE  SIMILAR  TO  THIS  TO 
REMOVE  THE  EFFECTS  OF  DETECTED  ANO  SHORT  CIRCUITED  LOGPS  HAS  BEEN 
OMITTEC.  NO  CIRCUIT  HAS  EVER  BEEN  OBSERVED  TO  MAKE  MORE  THAN 
A  TOTAL  CF  8  HOPS. 


CKT .NR*  ME SSAGF ) 

PEC  SLOT*  MESSAGE) 

CALLING. NCDE 

I  NT. F* HOP  .COUNT* MESSAGE ) ) 
INT.F*CUM.£NEPGY*MES$AGE>) 


«  , 
i  i 

•  i 
«  « 

«  « 

•  i 

LET 
!  F 


H  =  INT.F(HCP.CCJNT(MSSSAGE) ) 
EO  l 

LET  INFOUMESSAGE  ) 

GO  TQ  ALABLS 
ALWAYS 
IF  H  =Q  2 

LET  INF02  *  MESSAGE ) 

GO  t0  ALABLE 
A  LWAYS 
I F  H  EQ  3 

LET  INF03 (MESSAGE) 

GO  TO  ALABLE 
ALWAYS 
I F  H  =0  4 

LFT  INF04 ( MESSAGE ) 

GO  TO  ALAeLE 
ALWAYS 
IF  H  EQ  5 

LET  INF05  *  MESSAGE ) 

GO  TO  ALABLE 
A  LWAYS 
IF  H  50  6 

LET  INF06  t  MESSAGE ) 

GO  TO  ALABLE 
ALWAYS 
'f  H  50  7 

LET  INFOT(MESSAGE) 

GO  TQ  ALABLE 


LI  ,NK. NR (CALLING. NODE, CALLED. NODE) 


LI  .NK. NR (CALL ING.NCDE .CALLED. NODE) 


LI.NK .NR (CALL  I NG .NCDE. CALL ED. NODE ) 


LI  .NK. NR (CALL ING.NCDE. CALLED. NODE) 


LI .NK .NR (CALL  ING.NCDE. CALLED. NODE) 


LI.NK .NR (CALL ING.NCDE, CALLED. NODE) 


LI .NK .NR (CALL ING.NCOE, CALLED. NODE) 
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ALWAYS 
IF  H  EO  8 

LET  I NF08 ( MESSAGE )  -  LI  .NK  .NR ( CALL ING.NCOE, CALLED .NODE ) 

GO  TO  ALAeLE 
ALWAYS 
IF  H  EO  9 

LET  INF09 1  MESSAGE >  *  LI .NK .NR (CALL ING.NCOE, CALLED. NODE) 

GO  TO  ALAELE 
ALWAYS 
•  , 

•ALAELE* 

,  • 

••  NEXT  CHECK  TO  SEE  if  this  CIRCUIT  IS  NCW  COMPLETE.  IF  IT  IS,  CALL 
»•  THE  "COMPLETED .CKT "  ROUTINE  A NO  COLLECT  APPROPRIATE  STATISTICS. 

,  , 

IF  TO. NO OE( MESSAGE)  EO  CSSTINATICN(MESSAGE) 

LET  START. TIME(MESSAGE)  *  TIME.V  -  START. TI ME (MESSAGE  I 
PERFORM  COMPLETED. CKT  GIVEN  MESSAGE 
GO  TO  RET  I PN 
ALWAYS 
,  , 

••  IF  THE  CIRCUIT  HAS  NOT  BEEN  ESTABLISHED  ALL  THE  WAY  TO  THE  OESTINA- 
••  TION.  THEN  WE  MUST  TAKE  ACTION  TO  ESTABLISH  THE  NEXT  LINK  TO  THE 

••  DESTINATION. 

t  a 

IF  TO. NOOE( MESSAGE)  NE  OF STI NATION (MESSAGE) 

lIt  to.noce Inilf agS S  =  beSt^pa^h?!  **n&£e( message) , 

DESTINATICN(MESSAGE)) 

GO  TO  CCNT1 

p k*IN^Sl  LINE  with  CKT.NR(MSSSAGE)  as  follows 

FRROR  IN  EVENT  F  INAL . ASSI GNMENT .NOTI CE  FOP  CIRCUIT  NR.  ***** 

SKIP  1  OUTPUT  LINE 

,  , 

• ■  THE  REMAINDER  OF  THIS  EVENT  SIMULATES  ACTIONS  PERFORMED  AT  AN 
'•  INTERMEDIATE  NODE  ALONG  A  BEST  PATH  ROUTE  FROM  AN  ORIGINATOR  TO 

••  A  DESTINATION.  THE  "CALLED. NODE"  HAS  BECOME  THE  NEW  "CALL- 

• •  I NG  MODE"  AS  WE  NOW  ATTEMPT  TC  ESTABLISH  THE  NEXT  LINK  CF  THF 

••  CIRCUIT.  THE  CODE  THAT  FOLLOWS  IS  VERY  SIMILAR  TO  THE  LAST  HALF 

••  OF  THE  CODE  IN  THE  "MEW  .CKT  .RECMT"  EVENT  BECAUSE  THE  ACTIONS  THAT 

••  MUST  NCW  BE  PERFORMED  ARE  SIMILAR  TO  THOSE  -THAT  ARE  CONE  WHEN  WE 

••  FIRST  CREATE  A  CIRCUIT  REQUIREMENT  AND  START  BUILDING  THE  FIRST 

•  J  LINK  CF  THE  CIRCUIT. 

•CONTI* 

t  , 

••  FIRST  CHECK  TO  SEE  IF  there  IS  A  SLOT  AVAILABLE  AT  THIS  NEWLY 
••  DESIGNATED  CALLING. NODE  TO  ACCOMODATE  THE  TRANSMISSION  OF  A  SER- 

••  VICE  MESSAGE  10  THE  NEWLY  DESIGNATED  CALLED. NODE.  SINCE  WE  ARE 

••  ASSUMING  THAT  EACH  NOOE  IS  ALWAYS  LISTENING  TO  ITS  NEIGHBORS,  THE 

••  CALLING. NODE  KNOWS  WHEN  ITS  NEIGHBORS  ARE  NOT  TRANSMITTING  AND, 

• •  THEREFORE,  ARE  AeLE  TC  RECEIVE.  NOTE:  ALL  NODES  "LISTEN"  WHEN- 

••  EVER  THEY  ARE  MOT  TRANSMITTING. 

,  , 

LET  CALLING. NCDE  =  FM . NCOE< ME S S AGE ) 

LET  CALLED. NCOE  =  TO. NOOE (ME SS AGE ) 

FCR  J  =■  1  TC  SLOTS.  DO 

IF  US  E ( CALL  I NG.NGDc  *  J « 1 )  EQ  0  ANC  USE (CALL  I NG .NODE • J , A)  EC  0  AND 
USE(CALLEC.NOOEtJfl)  EQ  0 
GO  TC  CCNT2 
ALWAYS 
l  OOP 

IF  PRNT  LE  1 

PRINT  3  LINES  WITH  CK T. NR ( ME S SA GE) ,  ORIGI NA TCR< MESS AGE ) , 

DESTINATION (MESS AGE),  CALL ING.NOCE,  CALLED. NODE  AND 
(HOP.COUNT(MESSAGE)  ♦  0.5)  AS  FOLLOWS 
CIRCUIT  NR.  *****  FROM  NCDE  **  TO  NOCS  **  CANNCT  BE  ESTABLISHED  AT  THIS 
TIME  BECAUSE  THERE  ARE  NO  MUTUALLY  AVAILABLE  SLOTS  BETWEEN  NOOES  ** 

AND  **  ON  HOP  **.*  TC  CARRY  THE  INITIAL  SERVICE  MESSAGE. 

SKI®  1  OUTPUT  LINE 
ALWAYS 
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•  • 

•  EXSIT ' 

0 ERFORM  CKT.  IS.NOT.ESTAB  GIVEN  MESSAGE 

LET  DIRECTICM  MESSAGE )  *  3 

LET  START.TTM£< MESSAGE  >  *  TIME.V 

SCHEDULE  A  OCWNSTREAM. BREAK. CCWN  GIVEN  MESSAGE  NOW 
GO  TO  RETIRN 

••  WE  KNOW  THAT  THE  "CURRENT. SLOT"  IS  CONTAINED  IN  THE  MESSAGE  ATTRI- 
••  8UTE  CALLED  "SLOT. ARR I VAL" . 

<  • 

' CnNT2  * 

LET  CURRENT. SLOT  «  SLOT  .ARRIVAL (MESS AGE) 

i  < 

' •  FINO  The  NEXT  MUTUALLY  AVAILABLE  SLOT  (AT  LEAST  1  FULL  SLOT  IN  THE 
••  FUTURE  TO  ACCOUNT  FOR  PROCESSING  TIME  IN  THE  CALLING. NODE). 


1  ET  SLOT4  *  C 
t  ET  FRAME4  *  0 

TF  CURRENt. SLCT  EG  (SLOTS  -  1) 

LET  K  *  I 

GO  TO  CHECK. NEXT. FRAME 
ALWAYS 

IF  CURRENT. SLOT  EQ  SLOTS 
LET  K  *  2 

GO  TO  CHECK. NEXT. FRAME 
ALWAYS 

L  FT  K  *  CUPP  ENT. SLOT  ♦  2 
FOP  J  =  K  TC  SLCTS,  no 

IF  US E ( CALL ING.NODS , J ( 1 )  EQ  0  ANC  USE (CALLI NG.NODE, J ,4)  EQ  0  AND 
USE(CALLEC.NODE.Jtl)  EO  0 
LET  SLCT4  -  J 
GO  To  CCNT3 
ALWAYS 
L  OOP 

LET  K  =  1 

i  < 

' CHECK. NEXT. FRAME* 

LET  FRAME4  *  1 

FOB  J  =  K  TC  SLCTS,  00 

IF  USE(CALLI NG.NODE , J , 1 )  EQ  0  ANC  USE (CALLING.NODE, J ,4)  EQ  0  AND 
USE(CALLEC.NODE.J, 1)  EQ  0 
L ET  SLCT4  »  J 
Gfl  TO  CCNT3 
ALWAYS 
L  CCP 

IF  USEKALLING. NODE, 1.1  )  EQ  0  ANO  US  £  (C  ALL  I NG  .NODE ,  1 » 4  )  EQ  0  AND 
USC(CALLFC. NCOS. 1,1)  EQ  0 
LE-r  FRAME4  =  2 
LET  SLCT4  *  1 
GO  TO  C0NT3 
ALWAYS 

PRINT  2  LINES  WITH  CK T . NR ( M=SS AGE )  ANC  TIME.V  A3  FOLLOWS 
SVC  MSG  SLOT  ASSIGNMENT  ERROR.  EVENT  F I NAL . AS S IGN .NOT  1 CE.  CKT. NR  ■  ***< 
ANC  TIMF.V  *  ****. ****** 

SKIP  1.  OUTPUT  LINE 
GO  TC  EXSIT 

*  •  IF  wc  GcT  AS  FAR  AS  CQNT3  THEN  WE  HAVE  IDENTIFIED  A  SLOT  TO  CARRY 

'•  THF  ScBVICE  MESSAGE  TO  THE  CALLEC.NQDE.  NOW  CALCULATE  WHEN  THE 

•»  SERVICE  MESSAGE  WILL  ARRIVE  AT  THE  CALLED. NODE  ANO  SCHEDULE  ITS 

'•  ARRIVAL  APPROPRIATELY. 

•  • 

• C0N7  3 1  ^ 

IFLFTAoIlayS  2  (REAL.F( SLOT 4  -  CURRENT. SLCT  ) )  *  SLOT. DURATION 
GO  TO  C0NT4 
A  LWAYS 

IF  FRAME4  FC  1 

LET  X  -  ((SLOTS  *  1)  -  CURRENT. SLOT) 

LET  Y  *  SLCT4  -  1 

Lct  0ELAY4  •  (REAL. F( X  ♦  Y ) )  *  SLOT .DURATION 


ANO  USE  (CALL  I NG.NODE, 1,4)  EQ 


SLOT. DURATION 
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GO  TO  CONTA 
ALWAYS 

IF  FP4ME4  PC  2 

L ET  DELAY*  «  (REAL. F ( SLOTS  ♦  III  *  SLOT. DURATION 
GO  TO  CONTA 
ALWAYS 

PRINT  1  LINE  WITH  CKT .NR( MESSAGE )  AS  FOLLOWS 

PRROP  IN  CALCULATING  OELAYA  IN  EVENT  FINAL .ASS IGN.NOTI CE.  CKT.NR  »  ***** 
SKIP  l  OUTPUT  LINE 
00  TC  EXSIT 

•  i 

• CONTA* 

LET  SLOT.AP°IVAL(MESSAG£)  -  SLCTA 
LET  SLOT.ASSIGNIMESSAGEI  «  0 
LET  RECSLOT I  MESSAGE )  *  0 

SCHEDULE  AN  IN  I T I AL .R EC .FOR . SVC  GIVEN  MESSAGE  IN  DELAVA  UNITS 
IF  PRNT  LE  1 

PRINT  3  LINES  WITH  CKT. NR < MESSAGE) ,  HOP .COUNT (MESSAGE ) ,  CALLED. NODE* 

( T I  ME .  V  ♦  OELAYA)  AND  OELAYA  AS  KLLQWS 
CIRCUIT  NR.  *****  HAS  COMPLETED  **.*  HOPS  AND  HAS  SCHEDULED  AN  INITIAL. 
R50.F0R.SVC  AT  NODE  **  AT  TIME.V  ■  **•*.****••  SECONOS,  I.E.  *.***<*•* 
SECONDS  FPCM  NOW. 

SKIP  1  OUTPUT  LINE 
PRINT  1  LINE  AS  FOLLOWS 

ATTRIBUTES  OF  MESSAGE  ENTITY  AT  END  OF  FI NAL .ASS IGNMENT .NOTICE  ARE: 
LIST  ATTRIBUTES  OF  MESSAGE 
SKIP  1  OUTPUT  LINE 
A  LWAYS 

•  • 

•  RCTT  3N  * 

R  ETURN 

5 NO  "OF  FINAL. ASSIGNMENT. NOTICE 

•  t 

••  THIS  ROUTINE  PRESENTLY  PERFORMS  FUNCTIONS  TO  COLLECT  DATA  ON  HOW 
••  MANY  CIRCUITS  FAILEO  TO  BE  ESTABLISHED.  THIS  ROUTINE  MAV  LATER 

JJ  BE  MODIFIED  TO  RESCHEDULE  FAILED  CALLS. 

POUTJNE  FOR  CKT.IS.NOT.ESTAB  GIVEN  NC.MSG 

•  ET  MESSAGE  *  NO. MSG 

LFT  TYPF(MESSAGE)  *  PARTIAL. BREAKDOWN 
■  < 

LET  CKT. FAILED  =  CKT. FAILED  *  1 
LET  UP .ROUT F  *  UP.ROUTF  -  1 
LET  DOWN. ROUTE  =  DCWN.RCUTE  ♦  l 
«  < 

IF  PRNT  LE  A 

PRINT  2  LIKES  WITH  CKT. NR  I  MESSAGE )  AND  TIME.V  AS  FOLLOWS 
CIRCUIT  NP.  *****  CANNOT  BE  ESTABLISHED  AND  IS  BEING  BROKEN  DOWN  AT 
TI»=.V  -  **•*.***■+**  SECONOS. 

SKIP  l  OUTPUT  LINES 
ALWAYS 

•  i 

RETURN 

c  NO  "OF  CKT.IS.NOT.ESTAB 

•  « 

••  THIS  EVENT  BREAKS  COWN  A  ONCE  ESTABLISHED  CIRCUIT  IN  THE  "UPSTREAM" 

•  '  DIRECTION,  I.E.  F° CM  THE  ORIGINATOR  NODE  TO  THE  DESTINATION  NODE. 

••  THIS  FVENT  ACTUALLY  REMCVES  SLOT  ASSIGNMENTS  FROM  THE  NODAL  SLOT 

••  ASSIGNMENT  TABLES  TO  MAKE  AVAILABLE  N0C6  ASSETS  AND  CHANNEL  CAPA- 

••  CITY  FOR  USE  IN  THE  ESTABLISHMENT  CF  OTHER  CIRCUITS.  THIS  EVENT 

••  HAS  TWO  MAJOR  SUB-SECTIONS,  HOWEVER  ONLY  0N=  OF  THESE  SECTIONS  IS 
•«  EXFCUTEO  DEPENDING  ON  THE  VALUE  OF  THE  "DIRECTION"  ATTRIBUTE  IN 

'•  THE  "MESSAGE"  ENTITY.  IF  D IR  E  CT I  OK  (  ME  SSAGE  )  =* 

••  -2  ««>  START  BREAKING  DOWN  AN  ESTABLISHED  CIRCUIT  FROM  THE 

••  ORIGINATOR  NODE  TO  THE  DESTINATION  NCOR . 

••  -l  «»>  CONTINUE  BREAKING  DOWN  A  ONCE  ESTABLI'  CIRCUIT  FROM 

AN  I  K'TERMFCI  ATE  NCCE  TC  THE  CESTINATiu.)  NODE. 

••  0  •»>  RARE  UPSTREAM  BREAK  COWN  OF  A  RECEIVE  SLOT  ASSIGNMENT 

••  LEFT  HANGING  AT  THE  CALLED. NOOE  WHEN  A  RESPONSE .REG. - 

•  •  FOR. SVC  FAILED. 

•  • 

EVENT  UPSTREAM.8REAK.00WN  GIVEN  U.S.C.MSG 
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•SSAGE  *  U.B.O.MSG 
'  INCREMENT  AS  A  REAL  VARIABLE 


LET  ME 
DEFINE 

•  • 

IF  OP  NT  LE  1 

PRINT  2  LINES  WITH  TIPS.V  AS  FOLLOWS 
E VFNT  UPSTREAM. BREAK. OOWN  INVOKED  AT  TIME.V 


**»*.**«**» 


SKIP  1  OUTPUT  LINE 
PRINT  1  LINE  AS  FOLLOWS 

ATTRIBUTES  CF  THE  MESSAGE  ENTITY  AT  START  OF  UPSTREAM. BREAK.OOWN  ARE: 
LIST  ATTRIBUTES  OF  MESSAGE 
SK l °  1  OUTPUT  LINE 
ALWAYS 

i  i 

I F  TYPE! MESSAGE  >  EQ  2 

LET  TYPEIMESSAGE)  »  PARTIAL. BREAKOCWN 
ALWAYS 


LET  CURRENT. SLOT  =  SLOT. ARRI VAL (MESSAGE  I 
LET  SPEC. PRINT. FLAG  ■  0 

■  i 

T  F  DIRECTION! MESSAGE!  EO  -1 
GO  TO  CONT. BREAK.OOWN 
e  LWAYS 

t  • 

IF  DIRECT  ION (MESSAGE)  EO  0 

GO  to  RAPE. UPSTREAM. BREAKDOWN 
ALWAYS 

IF  PPNT  LE  4  AND  D IRECT ICN( M£S S AGE )  EG  -2  AND  TYPE ( MESSAGE )  EO 
PULL  .9REAKCCWN 

PRINT  5  LINES  WITH  CKT. NR ( ME SSAGE ) ,  OR  I G I NATCR ( MESSAGE t  ,  DESTINATION 
(MESSAGE),  TIME.V,  ST  ART . T I  ME ( MESSAGE  )  ,  OR  I GI NATOR ( M£S S AGE )  AMD 
OEST  INATICN(MFSS4GE )  AS  FOLLOWS 

CIRCUIT  NR.  =»■****  FROM  NOCS  **  TO  NOCE  **  WAS  ONCE  ESTABLISHED  AND  IS 
BEGINNING  TC  BE  01 S SS TABL I SHEC  AT  THIS  TIME,  TIME.V  *  ****.*♦♦*♦* 

AFTER  ACTIVELY  CARRYING  VOICE  TRAFFIC  FCR  A  TOTAL  CALI  DURATION  OF 
»,*•***«*  SECONDS.  BREAK  CCWN  IS  BEING  DONE  FROM  THt  ORIGINATOR 
(NCOS  ♦*)  TO  THE  DESTINATION  NODE  (NODE  **)  IN  ThE  UPSTREAM  DIRECTION. 
SKIP  1  OUTPUT  LINE 
ALWAYS 

i  , 

IF  ’OT  (.=  3  ANC  DIRSCTICN(MSSSAGE)  EO  -2  AND  TYPE(MESSAGE)  EQ 
REMOVE. LCCF 

PRINT  5  LINES  WITH  CKT. NR ( ME SSAGE ) ,  TIME.V,  ORIGINATOPI MESSAC E )  AND 

DESTINATION (MESSAGE)  AS  FOLLOWS  ,  .  .  „  „  „  _ _ 

C  IRCUIT  NR.  ***+»  HAS  EXPERIENCED  SOME  AMOUNT  CF  BACKTRACKING  CR  LOOPING 
BACK  ACROSS  ITSELF.  THE  LOOP  IS  BEING  REMOVED  AT  THIS  TIME,  TIME.V  - 
*•*-*.*•»**■**  AS  WE  START  SENDING  A  SPECIAL  "LCCP .BD. MSG"  IN  ThE  UP¬ 
STREAM  direction  FROM  THE  NCOE  THAT  DISCOVERED  THE  LOOP  (NODE  **)  TO 
THE  LAST  NCOE  IN  THE  LOCP  (NCCE  **). 

SKIP  1  OUTPUT  LIME 
A  LWAYS 
,  , 

LET  fm.NOCS  (  MES  SAGS)  =>  CR  IG I  NATCR  (MESSAGE  ) 

LET  START. TIME(MESSAGE)  =  TIME.V 
TF  TYPE(MESSACE)  N6  REMOVE. LOCP 
LET  ACTIVE  *  ACTIVE  -  l 
LgT  DOWN.PCUTE  =  DOWN. ROUTE  ♦  l 
ALWAYS 

LET  DIRECTION  (MESSAGE )  »  -1 
FOR  1=1  TC  SLOTS,  DO 

IF  USE(FM.ncc‘(mESSAGE),I,1)  EO  CKT.NRI ME SSAGE)  AND 
U3E(FM.NCCE( MESSAGE), 1,5)  EO  0 
LET  SL0T2.XMIT  =  I 

LET  TO.NCOE(MESSAG=)  »  USE ( FM.NOCE (MESSAGE ) »I ,3) 

L^T  M  *  USE(FM..'I00E(MESSAGE),I,2) 

lIT  uIi^MlNOoifM^IlAGE?,M,A)  a  USE  (  FM.  NODE  (MESSAGE  )  ,M,  4 )  -  1 
LET  USE(FM.NODE(MESSAGE),I,I)  -  C 
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LfT  USE(FM.NODE(M=SSAGE) ,t ,3)  «  0 
LlT  USE ( FM.NOOEI M-SSAGE  i  » I ,5  i  »  0 
L 5 T  USE <FM.NQDE( MESSAGE)  ,1,6)  ■  0 
GO  TO  COMPUTE. OELAY 
ALWAYS 
L  00° 

PRINT  l  LINE  WITH  CKT .NP( MES SA G E)  AS  FOLLOWS 

f  PROP  IN  UPSTREAM. BREAKDOWN  FOR  INITIAL  BREAK  DOWN  OF  CIRCUIT  NR.  **•« 
SKIP  1  OUTPUT  LINS 
GO  TO  RFETURN 

'•  DIRECTLY  ABOVE  WE  FOUND  ANO  SET  THE  TRANSMIT  AND  RECEIVE  SLOTS  AT 
'•  THE  ORIGINATOR  NODE  EQUAL  TO  ZERO.  DIRECTLY  BELOW  WE  CONTINUE 

'•  BREAKING  DOWN  THE  CIRCUIT  ALONG  THE  UPSTREAM  PATH.  WE  FIRST 

••  CHECK  TO  SEE  IF  WE  ARE  AT  THE  DESTINATION  NODE.  IF  SC,  WE  NEED 

••  ONLY  OELETE  THE  TRANSMIT  AND  RECEIVE  SLOT  ASSIGNMENTS  FOR  THIS 

••  CIRCUIT  ANO  THEN  COLLECT  STATISTICS. 

«  • 

•CONT. BREAK. CCWN'  __  „„ 

LET  SLCT1.REC  *  SLOT. ARRIVAL (MESSAGE) 

LET  SLHT1.XMIT  =  RECS LOT( ME S S AGE  I  _ 

1  ET  U'E(T0.NCCE(MESS4GE),SL0T1.XMJT, 1)  «  0 
LFT  US=(T0.NCCE(MESSAGE),SL0T1.Xm{T,2)  «  0 
LET  USP(TC.NCCS(M6SSAGE),SL0TI.XMIT,3)  -  0 
LET  U;.E(TC,.NCCEIMFSSAGE),  SLOT} . XM I T , 5 )  ■  0 
L  CT  USE(T0.NCCE<MESSAGE),SLnTI.XMIT,6)  «  0 

LET  USE(TC.NCCE(MESSAGE), SL0T1.REC.4)  >  USE(TC.NOOE(MESSAGE) , 

SLOT  1 . H  EC  #  4 )  -  1 
L  FT  CHANGE. FLAG  =*  I 


VE  HAVE  NOW  ERASED  THE  OCWN-SIDE  RECEIVE  AND  TRANSMIT  SLOT  ASSIGN¬ 
MENTS. 

CHECK  TO  SEE  IF  WE  ARE  AT  THE  DESTINATION  NODE.  IF  WE  ARE,  THEN  WE 
HAVE  ELIMINATED  THE  DOWN-SIDE  ASSIGNMENTS  ANO  CAN  NOW  COLLECT 
STATISTICS.  OTHERWISE,  CONTINUE  BY  BREAKING  DOWN  THE  UP-SIDE 
SLOT  ASSIGNMENTS. 


IF  TC.NCDE(MESSAGE)  EQ  OESTINATION(MESSAGE)  AND  TYPE(MESSAGE)  ne 
REMOVE. LOOP 

LET  START. T IME < MESS  AGE)  =  TIME.V  -  ST ART . TI ME (MESSAGE ) 

PERFORM  criLFCT. STATS. AT. END. OF. 8REAK. DOWN  GIVEN- MESSAGE 
GO  TO  REETURN 
ALWAYS 

'F  TC.NOOE< vcsSAGE)  EQ  DE ST INAT ION (MESS AGE )  AND  TYPE! MESSAGE )  EO 
rfvsve.lccf 

L  ET  ACT. LOOP. REMOVE  =  ACT .LOOP. R EMCVE  -  l 
DESTROY  THE  MESSAGE  CALLED  U.B.D.MSG 
GO  TO  REETUPN 
ALWAYS 

LET  FM .NODE ( ME S SAGS )  =  TO .NOOE ( ME SS AG E ) 

FOR  I  =  l  TC  SLOTS,  00 

IF  USE ( FM . NCOc( MESS  AGE)  ,1,11  EQ  CKT .NR ( MESS AGE) 

LET  SL0T2.XMIT  =  I 

LET  TO.NCCE(MESSAGE)  *  US E < FM .NOCE( MES S AGE ) , I , 3 ) 

LET  M  *  USE  <  FM.NOCE (MESS AGF I , I ,2 ) 

LET  RFC?LCT(MSSS4G; )  =  M 

LET  jSf(fm.N00=(MESSAG?) ,M,4)  *  USE ( FM.NOCE (MESSAGE ) ,M, 4)  -  I 

LET  US? ( FM  .NODE ( MESSAGE ), 1 , 1)  »  0 

LET  USE(FM.M0DE(M=SSAGE),I,2>  *  0 

L=T  US=(FM.NODE(mfssaG=  ,1,3  ■  0 

L?T  USc(FM.NaO^?M§SSAGc) ,1,5)  *  G 

LET  USE  <  FM.NOOEi MESSAGE ) , 1 ,6)  »  0 

LET  CHANGE. FLAG  =«  1 
GO  TO  CCMPUTE. DELAY 
ALWAYS 
LOOP 

PRINT  1  LINE  WITH  CKT ,NP< MSSSA G E I  AS  FOLLOWS 

c PROR  IN  UPSTREAM. 8REAK.DCWN,  CONTINUED  eREAK  CCWN  OF  CIRCUIT  NR. 
SKIP  1  OUTPUT  LINE 
GO  TO  REETURN 


CONTINUED  eREAK  CCWN  OF  CIRCUIT  NR. 
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HE  SHALL  USE  THE  FORMERLY  ASSIGNED  TRANSMIT  SLOT  TC  CARRY  THE  BBEAC 
DOWN  MESSAGE  TO  THE  NEXT  NOOE  UPSTREAM  CN  THE  HAY  TO  THE  DESTINA¬ 
TION  NODE.  NOW  CALCULATE  WHEN  THE  BREAK  DOWN  MESSAGE  HILL  ARRIVE 
AT  THE  NEXT  NOOE. 

COMPUTE. DELAY* 

IF  SLOT2.XMTT  GT  ICURRENT .SLOT  ♦  1) 

LET  OELAY  *  SLOT2.XMIT  -  CURRENT  .SLOT 
GO  TO  SKECULE 
ALWAYS 

IF  SLOT2.XMIT  EC  (CURRENT. SLOT  ♦  1) 

LET  OELAY  a  SLOTS 
GO  TO  SKECULE 
A  .WAYS 

IF  SLOT 2. XMIT  LT  < CURRENT .SLOT  ♦  II 

LET  OELAY  *  (SL0T2.XMIT  +  SLCTS  -  CURRENT. SLOT) 

GO  TO  SKEOULc 
LWAYS 

BINT  1  LINE  WITH  CKT.NR(MESSAGE)  as  follcws 

RPOR  IN  UPSTREAM. BREAK. DOWN,  DELAY  CALCULATION  FOR  CIRCUIT  NR.  »  ***** 
KIP  I  OUTPUT  LINE 
0  TO  PEETURN 

•  i 

• SKECULE  * 

I  ET  SL Of. APPIVALI MESSAGE)  -  SLCT2.XMIT 

LET  INCREMENT  .  REAL.F(CELAY)  »  SLOT .CURAT  ION 

SCHEDULE  AN  UPSTREAM. BREAK. OOWN  GIVEN  MESSAGE  IN  INCREMENT  UNITS 
GO  TO  PEETURN 

i  < 

•  BARE. UP STREAM. BREAKDOWN* 

LET  USE (TC.NCCE (MESS AGE), SLOT. ASSIGN (MESSAGE) ,4) 

SLCT.ASSIGMMESSAG2>,4)  -  1 
LET  CHANGE. FLAG  *  1 
IF  RECSLOT ( MESSAGE)  EO  SLOTS  ♦  1 

LET  START. TIME(MESSAGE)  ■  TIME.V  -  START. TI MECMESSAGE ) 

PERFORM  COLLECT. STATS. AT. EN0.0F.8REAK.0CWN  GIVEN  MESSAGE 
ALWAYS 

’  F  RFCSLOT(MESSAGE)  LE  SLOTS 

DESTROY  THE  MESSAGE  CALLED  U. 8.0. MSG 
ALWAYS 

LET  SPEC. PRINT. FLAG  *  I 
GO  TO  R5ETURN 

•  < 

* RFETURN* 

IF  PRNT  LE  l  AND  SPEC . PRI NT . FL AG  EO  C 
PRINT  1  LINE  AS  FOLLOWS 

ATTRIBUTES  CF  THE  MESSAGE  ENTITY  AT  END  OF  UPSTREAM . BREAK .DOWN 
LIST  ATTRIBUTES  OF  MESSAGE 
SKIP  1  OUTPUT  LINE 
ALWAYS 

i  » 

PETUPN 
ENO  •  •  OF 


USE( TO. NODE! MESSAGE) » 


ARE  i 


UPSTREAM. BREAK. DCWN 


THIS  EVENT  BREAKS  COWN  SOME  FULLY  ESTABLISHED  AND  ALL  PARTIALLY  ES- 
TABCiShEO  CIRCUITS.  BREAK  COWN  IS  PERFORMED  IN  THE  "DOWNSTREAM" 
0IRErTIGN,  1. 3.  FR CM  THE  DESTINATION  OR  FURTHEST  NODE  REACHED 
BACK  TO  THE  ORIGINATOR  NODE.  THIS  EVENT  HAS  SEVERAL  SUB-SECTIONS 
ANO  EACH  TIME  IT  IS  EXECUTED  CNLY  CNE  CF  THE  MAJOR  SECTIONS  IS 
EXECUTED  ACCORDING  TO  THE  VALUE  OF  THE  "CE STINA T ION"  ATTRIBUTE  OF 
THE  "MESSAGE"  ENTITY.  IF  C IR ECT I Cf ( MES S AGE >  * 

■*•1  »■>  START  BREAKING  OCWN  AN  ESTABLISHED  CIRCUIT  FROM  THE 
DESTINATION  NODE  TO  THl  ORIGINATOR  NCOE. 

*•2  CONTINUE  BREAKING  DCWN  A  ONCE  ESTABLISHED  OR  PARTIALLY 

ESTABLISHED  CIRCUIT  FROM  AN  INTERMEDIATE  NODE  TO  ThE 
ORIGINATOR  NODE. 

♦3  ■■>  START  BREAKING  DCWN  A  FAFTIALLY  ESTABLISHED  CIRCUIT 
FROM  THE  FURTHEST  NODE  REACHED  TO  THE  ORIGINATOR 
NODE.  CALLED  BY  INI T  I AL .REC  .FOR. SVC. 

♦4  ■•>  START  BREAKING  DCWN  A  PARTIALLY  ESTABLISHED  CIRCUIT 
FROM  THE  FURTHEST  NOOE  REACHED  TO  THE  ORIGINATOR 
NODE.  CALLED  BY  RESPONSE.REC.FOR.SVC. 
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SPECIAL  CASE  BREAK  CCHN  OF  A  PARTIALLY  ESTABLISHED  CIR¬ 
CUIT.  CALLED  BY  FINAL. ASSIGNMENT. NOTICE. 


t  «  +5  .«> 

•  , 

•  « 

r VENT  DOWNSTREAM. BREAK .CONN  GIVEN  0.0.0. MSG 

LET  MESSAGE  «  O.B.Q.MSG 

DEFINE  INCREMENT  AS  A  REAL  VARIABLE 

i  • 

IF  PRNT  LE  1 

PRINT  2  LINES  WITH  TIM5.V  AS  FOLLOWS 
EVENT  OOWNSTPEAM. BREAK. DOWN  INVCKEO  AT  TIME.V 


****.****** 


SKIP  l  outplt  linc 

im b^ke  am  ... 

LIST  ATTRIBUTES  OF  MESSAGE 
SKIP  1  CUTFUT  LINE 
ALWAYS 


ENTITY  AT  START  OF  OOWNSTRE AM. BREAK. DOWN  ARE 


IF  TYPEIMESSAGS I  EO 
LET  TYPE! MESSAGE) 
ALWAYS 


PARTI AL. BREAKDOWN 


CURRENT. StCT  « 
OPT. PRINT. f LAG 


SLOT. ARRIVAL (MESSAGE) 
»  0 


EO  1 


LET 
LET 
«  • 

IF  DIRECT  ION (MESSAGE) 

GO  7p  FIR  ST. LABEL 
ALWAYS 

I F  D I RECT ION ( MESSAGE ) 

GO  TO  SECCNC. LABEL 
ALWAYS 

I r  DIRECTION (MESSAGE) 

GO  T0  THIRC.I.A3EL 
ALWAYS 

IF  DIRECT  lONCl-SSAGE) 

GO  TO  FOURTH  .LABEL 
ALWAYS 

I  F  OIRECMONIWESSAGE) 

GO  TO  FIFTH. J.A3EL 
ALWAYS 

i  • 

•'  ACTIONS  PERFORMED  UNDER  the  FIRST  _ 

••  ESTABLISHMENT  OF  A  CIRCUIT  THAT  WAS  CNCE 


EO  2 


eo  a 


EO  A 


EQ  5 


LABEL  SIMULATE 
'  E  ESTAB 


THE  START  CF  DIS- 
TABLISHED  ANO  ACTIVE. 


LE  A  ANO  OIRECTJCM  M  =  S! 
- -  u  mE< 


EC  1 


IW  ’  »  ibWU'MVL  II  '  t  •  •  b  •  ▼  v  g  i  •  I  »  '  «.  »  I  r 

CESTINATICV(MCSSAGE)  AND  OR  IG INAT CR ( MES S AGE  )  t 
IRC'fT  NR.  *->»**  FROM  NODE  **  TO  NOCfc  **  WAS  CNCI 
8 CG INNING  TO  BE  01 S ES TA 8L I SHED  AT  THIS  TIMc,  Tlf 


AGE)  ..  . 

‘  >E) i_ORIGINATCR(MESSAGE), 

)  i 

1QLLOWS 
5TABLI? 


• FTRST. LABEL' 

tf  PENT  : 

PRINT  5  LINES  WI TH  C Kt . NR < SSAGE  )  .  .....  _  .  ... 

DESTINAtICN(MESSAGE),  timE.V,  START. TIME<MESSAGE). 

- -  -  ...  -  pt _ 

;E  ESTABLISHED  ANO  IS 
[ME.V  »  ****.**»•*♦ 

AFTER  ACTIVELY  carrying  voicetraffic  fcr  A'TCTAL  call  DURATION  OF 
t***.*, »*«*  SECONDS.  BREAK  CCWN  IS  BEING  DONE  FROM  THE  DESTINATION 
(NODE  **)  TC  The  ORIGINATOR  (NODS  **>  IN  THE  COWNSTREAM  DIRECTION. 
SKIP  1  OUTPUT  LINE 
A  LWAYS 

LET  FM.NaOE(MESSAGEI  *  DE  ST  I  NAT  ION (MESS AGS ) 

START.TIME(MESSAGE)  *  TIME.V 
AC.TIVF  3  ACTIVE  -  1 
TOWN. ROUTE  *  CCWN. ROUTE  ♦  l 
01-  EOT  ION (MESSAGE )  *  2 


LET 

LET 

LET 

LET 


EQ  CKT.NR( MESSAGE) 


•JUMP. IN' 

B OR  I  *  1  TC  SLOTS.  DO 

IF  USE(FM.NCOEIMESSAGE),I,l) 
let  SL0T1.XMIT  *  t 

■“  TO. NCCF(  MESSAGE)  »  'JSE<FM,NOCEI  MESSAGE  ),  1,3 ) 

M  *  USE ( FM. NODE (MESSAGE). 1,2) 

RFCSLCT(MESSAGc)  *  M 

USE(FM.NODE< MESSAGE ) ,M, 4)  *  USE ( FM . NODE (MESSAGE ) ,M , 4 ) 
USE{FM.KOQE<MSSSAG=) ,1,1  «  c 

UScl FM.NODEl MiSSAG£ ) > I , 2 )  -  0 


lIt 

LET 

tf? 
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.  ***** 


LET  USE<FM.NODE<MESSAGE)«I,3)  ■  C 
LET  USE(FM.NODE(M?SSAG?I,l,5i  ■  C 
IET  USE  (  FM.NODE( MESSAGE ) ,  I  » 6  )  ■  0 
LET  CHANGE. FLAG  ■  1 
GO  TO  CALCULATE. DELAY 
ALWAYS 

PRINT  1  LINE  WITH  CKT . NR( MES S AG E I  AS  FOLLOWS 

fRROR  IN  DOWNSTREAM. BREAKDOWN,  FIRST. LABEL  FOR  CIRCUIT  NUMBER 
SKIP  l  OUTPUT  LINE 
GO  TO  REEETUPN 

DIRECTLY  ABOVE  WE  FOUND  ANC  CELETED  THE  DCWN-SIDE  TRANSMIT  ANO 
RECEIVE  SLOT  ASSIGNMENTS  AT  THE  DESTINATION  NOOE  OR  THE  FURTHEST 
NODE  REACHED.  IN  THE  SECTION  LABELLED  "SECOND. LABEL"  BELCH  WE 
CONTINUE  BREAKING  DOWN  THE  CIRCUIT  ALONG  THE  DOWNSTREAM  PATH. 

SECOND. LAScl* 

LET  SLOT2.RSC  -  SLOT  .  ARRI  V  AL  {M<-SS  AGE  I 
LET  SLOT2.XMIT  *  R EC SLCTI MS SjAGF) 

LET  USE(TO.NCCE(MESSAGF),SLOT2.XMIT,l»  •  0 
LET  USc(TO.NCCElMESSAGS), SLOT2.XM1T.2)  *  0 
LET  USE<TO.NCCE(MESSAGP),SLOT2.XMiT,3)  -  C 
LET  USEIT0.NCCE(MESSAGE),SL0T2.XMIT,5)  ■  0 
LET  USFITQ.NCCE (MESSAGE [.SL0T2.XMIT.6)  »  g 

LET  USE(TO.NCCE(MESSAGEi,§LOT2.REC,4)  ■  USE(TC.NOOE(MESSAGE ' , 

SLPT2.REC  ,4 )  -  1 

let  change. 4lag  *  I 

WE  HAVE  NCW  ERASEO  THE  UP-SIDE  RECEIVE  ANO  TRANSMIT  SLCT  ASSIGN¬ 
MENTS. 

CHECK  TC  SEE  IF  WS  ARE  AT  THE  ORIGINATOR  NCOE.  IF  WE  ARE,  THEN  WE 
HAVF  ELIMINATED  THE  U°-SIDE  ASSIGNMENTS  ANO  CAN  NOW  COLLECT 
STATISTICS.  OTHERWISE,  CONTINUE  eY  BREAKING  OGWN  THE  OOWN-SIQE 
SLOT  ASSIGNMENTS. 

IF  TO.NOOEI MESSAGE  1  EQ  CRIGINATCRI MESSAGE ) 

LET  START. TIME(MESSAGE)  *  T I  ME. V  -  START. TI ME (MESSAGE ) 

PE°FP9M  COLLECT. STATS  .AT. ENO. CP.  BREAK. OCWN  GIVEN  MESSAGE 
LET  OPT. PRINT. FLAG  *  1 
GO  TO  REEETURN 
ALWAYS 

LET  FM. NOOE (MESSAGE) 

FOR  I  =  1  TC  SLOTS,  DO 

IF  USE ( pm  .NODE ( MESS AGE ) ,1,1)  FQ  CKT .NR (MESS AGE) 

LET  SLQT  l  .  XMI T  =  I 

LET  Tn.NCrE(MESSAGE)  =*  USE  ( FM.NOCEC  MESSAGE  )  .  1 . 3 ) 

LET  M  =  LS2(F**.NOD5(uESSAGP),I,2) 

LET  RECSLCT( MESSAGE)  *  M 
LET  USE< FM.NCOE(MESSAGE) ,M,A) 

LET  USE(FM.NGDE(M=SS4G5),I,1) 

LET  USE(FM.NOOE(ME'5AGEI,I,2) 

LET  USE(FM.NOOE(ME55aGE)*I,3> 

LET  USE ( FM ,NODE( ME  SSAGP ) , I ,5 ) 

LET  USF(FM.NODE(MESSAG§),I,6! 

LET  CHANGE. FLAG  *  1 
GO  TO  CALCULATE. DELAY 
ALWAYS 
LOOP 

’ R INT  1  LINE  WITH  CKT . NR< MCSSAG E )  AS  FOLLOWS 

ERROR  IN  DOWNSTREAM. BREAK  .OOWN,  SECOND. LAeEL,  CIRCUIT  NUMBER  •  ***** 
SKIP  1  OUTPUT  LINE 
GO  TO  REEETURN 


TO. NOOE (MESSAGE ) 


USE( FM. NOOE (MESSAGE )*M,4)  -  1 

0 

$ 

v 

0 

0 


TART  BREAKING  DCWN  A  PARTIALLY  ESTABLISHED 
-  - THE  EVF 


AT  THE  "THIRD. LABEL"  W|  .  .  „„  .  . . .  . .  _ _ 

CIRCUIT  FROM  THE  FURTHEST  NODE  REACHED.  THIS  PART  OF  THE  EVENT 
IS  EXECUTED  AS  A  RESULT  CF  INITIATING  A  BREAK  DOWN  FROM  THE  "INI 
TIAL.REQ.FOR.SVC"  EVENT. 


THIRD. LABEL* 

IP  PR NT  LE  I  ANO  OIRECTION( MESSAGE )  EC  3 
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PRINT  S  LINES  WITH  CK  I. NR ( MESSAGE) »  ORIGINATOR (MESSAGE) »  DESTINATION 
(MESSAGE),  TIME.V,  ST  ART  «T IMS ( MESSAGE )  AND  HOP. COUNT! MESSAGE ) 

AS  POLLCW S 

CIRCUIT  NR.  ******  FROM  NODS  **  TO  NOCE  **  CANNOT  8E  ESTABLISHED.  THE 
TIME  NOW  IS  TIME.V  «  +•***. ******,  AND  WE  BEGAN  BREAKING  DOWN  THE  CIR¬ 
CUIT  AT  TIME.V  *  ****.******  eY  RELEASING  SLOT  ASSIGNMENTS  ON  A  LINK 
BY  LINK  BASIS  BACK  TO  THE  ORIGINATOR  NOCE.  **.*  HOPS  WERE  ESTABLISHED 
BEFORE  THE  CIRCUIT  FAILED  ANC  BREAK  OCWN  BEGAN.  IRFS3 
SKIP  1  OUTPUT  LINE 

ALWAYS 

l  FT  OIRECTICMMESSAGE)  «  2 
GO  TO  JUMP. IN 

AT  THE  "FOURTH. LABEL"  WS  ALSC  BEGIN  BREAKING  DCWN  A  PARTIALLY 

ESTABLISHED  CIRCUIT  FROM  THE  FARTHEST  NOCE  REACHED.  THIS  PART  OF 
THE  EVENT  IS  EXECUTED  AS  A  RESULT  CF  INITIATING  A  BREAK  OOWN  FROM 
THE  "PESFONSE.REO.FOR.SVC"  EVENT. 

POURTH. LABEL • 

IF  PPNT  LS  I  AND  OIRECTION( MESSAGE )  EC  4 

PRINT  5  LINES  WITH  CKT. NR (MESS AGE)  •  OR  IGINATQR(MESSAGE) ,  DESTINATION 
(MESSAGE),  TIME.V,  ST  ART .T IME( MESSAGE )  AND  HOP.COUNT(MESSAGE ) 

AS  FOLLOWS 

CIRCUIT  Nfi .  FROM  NODE  **  TO  NOCE  **  CANNOT  BE  ESTABLISHED.  THE 

TIME  NOW  IS  TIME.V  =  *•**.****#*,  4NO  WE  BEGAN  BREAKING  DCWN  THE  CIR¬ 
CUIT  AT  T I M E. V  *  ****.******  BY  RELEASING  SLOT  ASSIGNMENTS  ON  A  LINK 
BY  LINK  BASIS  BACK  TC  THE  ORIGINATOR  NCCE.  **.*  HOPS  WERE  ESTABLISHED 
BEFORE  THE  CIRCUIT  FAILED  ANC  BREAK  DOWN  BEGAN.  RRFS4 
SKIP  1  CUTPUT  LINE 

ALWAYS 

LET  OIRECTIOMMESSAGE)  »  2 

GO  TO  JUMP  .IN 

<  > 

' FIFTH. LABEL* 

IF  PENT  LE  1  ANC  0 IREC*  ION (MES SAGE )  EC  5 

PRINT  5  LINES  WITH  OT. NR( MESSAGE)  ,  OR  I G I NATCR ( MESSAGE ) ,  DESTINATION 
(MESSAGP),  TIME.V,  START.  T  IMS  (MESSAGE )  ANO  t-OP  .CQUNUMBSSAGE I 
AS  FOLLOWS 

CIRCUIT  NR.  ♦«»*,  FROM  NCOS  **  TO  NOCE  **  CANNOT  BE  ESTABLISHED.  THE 
TIME  NOW  TS  TIME.V  =  *’***. **«**«,  AND  WE  BEGAN  BREAKING  DOWN  THE  CIR¬ 
CUIT  AT  TIMC,V  *  ***<>.*«**•«*  BY  RELEASING  SLOT  ASSIGNMENTS  ON  A  LINK 


0 

0 

3 

0 


STABLISFED 
NT  ION. 


BY  LINK  BASIS  BACK  TO  THE  ORIGINATOR  NCCE.  **.*•  HOPS  WERE 
BEFORE  THE  CIRCUIT  FAILED  ANC  BREAK  DCWN  BEGAN.  F.A.N  CONTi 
SKIP  1  OUTFLT  L INS 
ALWAYS 

LET  USE(F“. NOCE (MESSAGE), SLOT. ASSIGN (MESSAGE) ,1) 

L  ET  USE ( FM. NOCE ( MESSAGE ), SLOT. ASSIGN (MESSAGE) ,2) 
t  ET  US i(FM.NCCE(MESSAGE), SLOT. ASSIGNl MESSAGE) ,2) 
l  ET  USt<  PM. NODE (MESS AGs ), SLOT. ASSIGN (MESSAGE) ,5) 

LET  USE(FM.noC'(MES3AG=I,SLOT.ASSIGN(MESSAGE) ,6) 

LET  USE(FM.NCCE(MESSAGEJ,RECSLCT(MESSAGE),4)  «  USE  ( FM. NODE (MESSAGE ) , 
RECSLOT(MESSAGE) ,4)  -  l 

let  change. HAG  *  1 

IF  PM.NQDE( " ESS AGE )  SO  OR IGINATCR (MESSAGE ) 

Lct  Sf ART.TTMS(MESSAGE)  ■  TIME.V  -  START. TIME(MESSAGE) 

PERPORm  COLLECT. STATS.AT.ENC. OF. BREAK. DCWN  GIVEN  MESSAGE 
LET  0°T .PRINT .FLAG  *  1 
GO  to  RE5ETURN 
ALWAYS 

LET  DIRECTION  (MESSAGE )  «  2 
GO  TO  JUMP. IN 

•  , 

•  CALCULATE. CELAY' 

IF  SLOTl.XMIT  G7  ( CURR ENT .SLOT  ♦  I) 

LET  DELAY  *  SLOTl.XMIT  -  CURRENT. SLOT 
GO  TO  SKECLLS 
ALWAYS 

-  -  CURRENT. SLOT  ♦  1) 


!loIsu 

GO  TO  SKECULE 

•XNIT  LT  (CURRENT. SLOT  ♦  1) 
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LET  DELAY  «  (SLOTl.XMIT  ♦  SLCTS  -  CURRENT .SLOT) 

GO  TO  SKSDULE 
ALWAYS 

PRINT  l  LINE  WITH  CKT . NR( MES SAG E I  AS  FOLLOWS 

=  RROR  IN  DOWNSTREAM. BREAK  .DOWN  t  DELAY  CALCULATION  FOR  CIRCUIT  NR.  ***** 
SKIP  1  OUTPUT  LINE 
GO  TO  R5EETURN 
•  • 

*  SKEOULE  • 

LET  SLOT . ARR I VAL( MESSAGE)  «  SLCTl.XMIT 

LrT  INCREMENT  «  REAL. F ( CS LAY  I  *  SLOT  . CUR AT  I CN 

SCHEDULE  A  OCWNSTREAM. BREAK. DOWN  GIVEN  MESSAGE  IN  INCREMENT  UNITS 

•  • 

' REEFTURN' 

IF  PRNT  LE  1  ANO_OPT. PR  I NT. FLAG  •  0 

ATTRiBUTyN^FAfHEDMiSSAGS  ENTITY  AT  END  OF  DOWNSTREAM. BREAK. DOWN  ARE* 
LIST  ATTRIBUTES  OF  MESSAGE 
SKIP  l  OUTPUT  LINE 
ALWAYS 

«  t 

RETURN 

c  NO  "OF  DOWNSTREAM. BREAK  .DOWN 


THIS  ROUTINE  COLLECTS  OATA  ON  CIRCUITS  THAT  ARE  ESTABLISHED  AND 
SCHEDULES  THEIR  EVENTUAL  DISESTABLISHMENT  ACCORDING  TO  AN  EXPO¬ 
NENT  I AL  DISTRIBUTION  FUNCTION  WITH  A  "ME AN . DURAT ION. CF .CKT"  GIVEN 
AS  AN  INPUT  PARAMETER  IN  THE  ROUTINE  FOR  INITIALIZATION. 


0  OUT INE  FOR  COMPLETED. CKT  GIVEN  ARRIVAL. MSG 
LET  MESSAGE  *  ARRIVAL. MSG 

i  • 

IF  PPNT  LE  1 

PRINT  2  LINES  WITH  TIME.V  AS. FOLLOWS 
ROUTINE  COMPLETED. CKT  CALLED  AT  TIME.V  -  **< 


SKIP  I  OUTPUT  LINE 
ALWAYS 

I F  PPNT  LE  3 

iW}»bjWh^-0L 


HEMeisf GE 


LIST  ATTRIBUTES  OF  MESSAGE 
SKIP  I  OUTPUT  LINE 
ALWAYS 


ENTITY  WHEN  COMPLETED. CKT  WAS  CALLED  ARE: 


LET  CKT . 5ST AE  *  CKT.ESTA8  ♦  1 
LET  UP. ROUTE  =  UP. ROUTE  -  1 
LET  ACTIVE  =  ACTIVE  ♦  1 
I  ET  CHANGE. PLAC,  =  1 

IF  H^p. COUNT ( MESSAGE)  EC  HO°. GREATEST 

LET  TOT  .HOP. GREATEST  *  TCT .HCP. GREATEST  ♦  l 
LET  CKT. GREATEST  *  CKT. NR.  I  MESSAGE  ) 

ALWAYS 

IF  HOP.COUNT(MESSAGE)  GT  HOP. GREATEST 
LET  HOP. GREATEST  *  HCP. COUNT ("ESSAGEI 
LET  TOT  .HCP. GREATEST  «  1 
LET  CKT. GREATEST  »  CKT.NR(MESSAGE) 

ALWAYS 

LET  HOP. SUM  *  HCP. SUM  HOP. CCLNTI, MESSAGE) 

L  FT  HOP.AVC-  *  HCP. SUM  /  P  EAL  .  F  (  CKT  .  E  STAB  ) 

LET  OELAY.SUM  *  DELAY. SUM  ♦  ST  ART . TI ME( MESSAGE ) 

L FT  E  .SUM  *  E  .SUM  CUM. ENERGY  (MESSAGE). 

I  ET  F.SUB.K.2AR  «  E.SUM  /  RF AL  .  F ( CKT  .  ESTAB ) 

LET  AVG.TIME.EST  «  OELAY.SUM  /  PEAL. F (CKT. ESTAB ) 

••  OETERMINE  IF  This  CIRCUIT  TOOK  THE  MOST  TIME  OF  ANY  CIRCUIT  TO 


ESTABLISH. 


IF  START. TIME(MESSAGE)  GT  LONG .TI MS. 'ST 
LET  LONG. TIME. EST  »  STARY.TIMS( MESSAGE 


LET  CKT.LONG.TIME.es 
ALWAYS 


fa 


) 


CKT . NR ( MESSAGE ) 
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SIMS 
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COLLECT  LINK  USAGE  STATISTICS  FCR  THIS  CIRCUIT. 

»  LIN  .  K. USEO ( l NFG1 (MESSAGE ) ) 


•  t 
i  t 
i  • 

LET  LIN.K.USEOdNFOK  MESSAGE  )  I 
IF  INFQ2 (MESSAGE)  60  0 
GO  TO  GET.CLRATION 
ALWAYS 

l ET  LIN.K.USEC(INFC2( MESSAGE ) I 
IF  INCQ3<  MESSAGE )  60  0 
GO  TO  GST. CURATION 
ALWAYS 

LFT  LIN.K.USEC( INF03(  MESSAGE ) I 
IF  INFQ4(ME$SAGE)  60  0 
GO  TO  GET . CURAT  ION 
ALWAYS 

LET  l  IN.K .US6C ( INFG4( MESS AGE ) J 
IF  INF05 (MESSAGE)  EQ  0 
GO  TO  GET  .CL'RATION 
ALWAYS 

LET  LIN.K.USEC(INF05(  MESSAGE) ) 
IF  INF06  EO  C 

GO  TO  GET  .CLRATICN 
A  LWAYS 

LET  LIN.K.USEC(INF06( MESSAGE ) I 
I F  INF07  EQ  C 

GO  TO  GET  .CURATION 
ALWAYS 

LET  LIN.K.US6C(INF07(MESSAGEJ) 
I F  INFOS  EQ  C 

GO  TO  GET. CURATION 
A  LWAYS 

LET  LIN.K.USECi INF08(  MESSAGE ) ) 
I F  INF09  EQ  C 

GO  TO  GET. CURATION 


♦  1 


LIN.K.USEO( INF02( MESSAGE! )  +  1 


L  IN  .  K. USEO( I NFQ3 ( MESSAGE ) )  ♦  I 


»  LIN.K.USECt INFC4 (MESSAGE! )  >  1 


«  LIN.K.USE0(INF05(MESSAGE) )  ♦  1 


*  LIN.K.USED(INF06(MESSAGE) )  ♦  1 


*  LIN. K.USED(INFC7( MESSAGE  I )  ♦  1 


*  LIN.K.USED( INFC8 ( MESS AGE ) )  ♦  I 


tk  TW 


WAYS 


LIN.K.USED( INF09( MESSAGE ) I  ■  LIN . K.USI 0 ( INFC9 (MESSAGRI)  ♦  I 


GET. DURATION* 


OETERMINE  HOW  LONG  THIS  CIRCUIT  WHICH  WAS  JUST  ESTABLISHED  WILL 
.. .  ---  .  ”  --------  --  “;ST  INAT 


BE 

"ACTI  VE"  THENSELECf "PRCRWHTCH  NODE  (ORIGINATOR  OR'DEST  INATl ON) 
THE  CIRCUIT  WILL  BE  DISESTABLISHED  AND  SCHEDULE  THE  EVENT  TO 
BREAK  COWN  THIS  CIRCUIT. 

LET  DURATION  *  EXPONENTIAL. FJMEAN. DURATION. OF. CKT, 31 

l  ET  SUM. DURATION  =  SUM. C'JP.AT  ION  +  DURATION 

LET  AVG.DUPATIGN  *  SUM. CURATION  /  RE AL. F ( CKT. ESTAB ) 

LET  START. TI M E ( MESSAGE  I  =  DURATION 
LFT  TYPE(MESSAG6i  *  P’JLL.  8R5  AK  CCWN 
i  « 

•»  ° ANOOMLY  SELECT  AND  STORE  A  "CURRENT .SLOT"  THAT  WE  WILL  ASSUME  TO 

"  BE  IN  WHEN  THIS  CIRCUIT  IS  EVENTUALLY  BROKEN  OCWN. 

•  • 

LET  SLOT.ARRIVAL(MSSSAGE)  *  RANCI .F( 1,SLCTS,5J 
I F  PENT  LS  l 

PRINT  2  LINES  WITH  SLOT  .ARRI VAL ( ME S SAGE )  AS  FOLLOWS 

SLOT  **  WAS  RANOOMLY  SELECTED  AS  THE  "CURRENT  .SLOT"  WHICH  WILL  BE  THE 
SLOT  WE  ARE  IN  WHEN  WE  EVENTUALLY  BEGIN  BREAKING  OOWN  THIS  CIRCUIT. 
SKIP  1  OUTPUT  LINE 
ALWAYS 

••  THE  VALUE  OF  STARTER  IS  SET  IN  THE  INITIALIZATION  ROUTINE. 

•  • 

IF  STARTER  EC  l 
LET  STAPT6R  »  0 

LET  FM.NOCE(MESSAGE)  -  ORIGINATOR! KESSAGE ) 

LET  DIRSCTirN(MESSAGE)  »  -2 

SCHEDULE  AN  UPSTREAM. BREAK .OCWN  GIVEN  MESSAGE  IN  DURATION  UNITS 
GO  TO  FINIS 
ALWAYS 

IF  STARTER  SC  0 
LET  STARTER  ■  l 
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LET  01 SECTION! ME SSAGE  )  -  l 

SCHEDULE  A  COWNSTRSAM.BREAK.CCWN  GIVEN  MESSAGE  IN  OURATION  UNITS 
GO  TO  PINTS 
A  LWAYS 

i  i 

•  PINTS' 

IF  »PNT  LE  2  AND  STARTER  EQ  0 

PRINT  4  LINES  WITH  CKT. NR! MESSAGE!  »  ORIGINATOR! MESSAGE  It 

OEST I  NAT ICN!MESS AGE  1 1  TIME.V,  OURATION  ANO  (TIME.V  ♦  DURATION! 

AS  FOLLOWS 

CIRCUIT  NP.  *■**■*•*,  FROM  NCOE  **  TC  NCCE  **  WAS  ESTABLISHED  AT  TIME.V  - 
******  ANO  IS  SCHECULFO  TO  LAST  FOR  A  TOTAL  CALL  DURATION  OF 
l*** .****++  SECONOS,  SO  BREAKDOWN  WILL  COMMENCE  IN  THE  UPSTREAM  DIREC¬ 
TION  AT  TTME.V  =  ****.*****■*. 

SKIP  1  OUT FUT  LINE 
ALWAYS 

IF  PRNT  LE  2  ANO  STARTER  EQ  1 

PRINT  4  LINES  WITH  CKT. NR < ME SSAGSI  .  OR IGINATCR! MESSAGE  I • 

OEST I  NATION (MESSAGE  1 1  TIME.V,  DURATION  AND  (TIME.V  *  DURATION! 

AS  FOLLOWS 

CIRCUIT  MR.  *****,  FROM  NODE  **  TC  NCCE  •  •  WAS  ESTABLISHED  AT  T I  ME . V  • 
***+. ******  4N0  IS  SCHEDULED  TO  LAST  FOR  A  TOTAL  CALL  DURATION  5£ 


SCHEDULED  TO  LA 


QCE  **  WAS  ESTABLISHED 
ST  FOR  A  TOTAL  CALL  DU 
WILL  COMMENCE  IN  ThE  D< 


URATION  OF 
DOWNSTREAM 


***■*. ******  SECONDS,  SO  BREAKDOWN  WILL  COMMENCE  IN  THE  DOWNSTREAM 
OIOECTION  AT  TIMc.v  ■  ****.******. 

SKIP  l  OUTPUT  LINE 
A  LWAYS 

IF  PRNT  LE  1 

PRINT  1  LINE  AS  FOLLOWS 

ATTRIBUTES  OF  THE  MESSAGE  ENTITY  AT  THE  END  CF  COMPLETED. CKT  ARE* 
LIST  ATTRIBUTES  OF  MESSAGE 
SKIP  1  OUTPUT  LINE 
ALWAYS 

i  , 

IF  PRNT  EQ  4  ANO  PRT  LE  1  ANO  S PEC  IF Y  .OUT FUT  EC  0 

PRINT  l  LINE  WITH  CKT  .NR  (  MES  S  AGE  I ,  HOP.I.CUNTIMESSAGE )  ANO  TIME.V 
AS  FOLLCWS 

r  IRCUIT  NR.  *****  ESTABLISHED  IN  **.*  HOPS  AT  TIME.V  »  **»•.*•**•* 
SKIP  1  OUTPUT  LINE 
ALWAYS 
°  ETUPN 

FND  "OF  COMPLETED. CKT 

THJ§„ INCREMENTS  COUNTERS  ANO  COLLECTS  STATISTICS  ON  TH* 
'•  CIRCUITS  THAT  ARE  BROKEN  OGWN.  Th  :S  ROUTINE  IS  CNLY  CALLED  §Y 

||  THE  "UPSTREAM. BREAK. DOWN"  AND  "D0WI.STREAM.8REAK . DOWN"  EVENTS. 

0  9yT I ..COLLECT. STATS.  AT.  ENC. OF. BREAK. DOWN  GIVEN  BRK.ON.NOTICE 
L  FT  MESSAGE  *  BRK.DN. NOTI C5 
DEFINE  TIME.BD, THIS. CKT  AS  A  REAL  VARIABLE 
•  , 


REAL  VARIABLE 


IF  TYPE! MESSAGE  I  EQ  FULL. BREAKDOWN 
LET  CKT  .  C I SFSTAB  *  CKT.OISESTAB  ♦  I 
ALWAYS 
•  • 

LET  CHANGE. FLAG  *  1 

LET  CKTS.BO  *  CKT.OISESTAB  ♦  CKT. FAILED 

l  ET  DOWN. ROUTE  *  DOWN. ROUTE  -  1 

LET  TIME. BO. THIS. CKT  *  ST  ART . T I  ME ( MESSAGE  I 

LET  SUM. 30. TIME. ALL. CKT  *  SUM . eD. TI M E  .  ALL  .C KT  ♦  TIME.BD.THI S.CKT 
LET  AVG.BO.Timc  a  SUM. BC. TIME. ALL. CKT  /  RIIAL  .  F  (CKTS.BO! 

||  COLLECT  STATS  ON  THE  BREAK  DOWN  CF  PARTIALLY  ESTABLISHED  CIRCUITS, 

IF  TYPE! MFSSAGE 1  EQ  3 

IF  START. TIME(MESSAGE)  GT  LCNG.P.BC 
LET  LONG. P. 80  *  START .TIME (MESSAGE! 

ALWAYS 

LET  T0T.P.8C  «  TOT. P. BO  ♦  ST  ART .TIME! MESSAGE ! 

LET  P. BO. COUNTER  ■  P.BD. COUNTER  ♦  l 

LET  AVG.P.BC  ■  TOT. P.BD  /  RE AL. F ( P. BO. COUNTER ) 

A  LWAYS 
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THIS  ROUTINE  CONTAINS  THE  SPECIAL  OUTPUT  INFORMATION  SPECIFIED  eY 
THE  PROGRAMMER.  THIS  ROUTINE  IS  ONLY  EXECUTED  AFTER  ThE  SIMULA¬ 
TION  FAS  COMPLETED  ALL  FCUR  QUARTERS  OF  ONE  SIMULATION  RUN  AND 
THE  "SPECIFY. OUTPUT'*  VARIABLE  IS  GREATER  THAN  OR  EQUAL  TO  1. 


•  t 
i  • 

•  • 
«  • 
«  • 
<  « 


"  COLLECT  STATS  ON  THE  BPEAK  OCWN  CF  ONCE  ESTABLISHED  CIRCUITS. 

i  i 

IF  TYPEIMESSAG?)  EO  4 

IF  START. TIME(MESSAGE)  GT  LCNG.C.BC 
LET  LGNG.C.BD  »  S TART .TIMS ( MESSAGE) 

ALWAYS 

LET  TOT.C.eO  *  TOT. C. 80  «•  S7APT.TI  ME  (MESSAGE  ) 

LET  C. 80. COUNTER  *  C.EO.COUNTER  ♦  1 
LET  AVG.C.BC  *  TOT. C. 80  /  RE AL. F ( C. ED. COUNTER ) 

ALWAYS 
•  • 

DESTROY  THE  MESSAGE  CALLED  8RK. ON. NOTICE 

<  • 

FFTURN 

PNO  "OF  COLLECT. STATS. AT. END. CP. BREAK. CCWN 

•  < 

•  • 

•  • 

•  • 
i  • 

•  • 

ROUTINE  POP.  special. output 

•  • 

o R I NT  1  LINE  AS  FOLLOWS 

THE  ROUTINE  FOR  "SPEC  I AL. OUTPUT"  HAS  BEEN  INVOKED. 

SKIP  1  OUTPUT  LINE 

i  • 

®  ETURN 

PNO  "OF  SPFCIAL. OUTPUT 
•  • 

THF  FOLLOWING  ROUTINE  CANCELS  AND/OR  DESTROYS  ALL  ENTITIES  AND 

Events  which  are  contained  in  the  timing  routine  after  time.v 

EQUALS  THE  TEST  CURATICN  TIME  LIMIT  CR  AFTER  THE  TOTAL  NUMBER  CF 
CIRCUITS  ATTEMPTED  EXCSECS  THE  PERMITTED  MAXIMUM  NUMBER  CF  CIR¬ 
CUITS  IN  EACH  ITERATION  CF  THE  S’MULATICN. 

ROUTINE  FOR  DESTRUCTION 

c  CR  EACH  NEW.CKT.PEOMT  IN  EV.S 1 1 .NEW  .CKT.RECWT  ) »  DO 
CANCEL  THE  NEw.CKT .REOMT 
CESTBOY  THE  NcW.CKT.REQMT 
l  OOP 

i  i 

BCR  PACH  INITIAL. REQ. POP. SVC  IN  E V ,S U . INIT IAL  .REQ .FOR . SVC ) ,  00 
CANCEL  THE  INITIAL. R6C. FOR. SVC 
PESTROY  THE  INITIAL. PEG. FOR. SVC 
'  CCP 

«  • 

POP  FACH  RESPONSE. REQ. FOR. SVC  IN  EV.SII .RESPONSE. REQ. FOR. SVC) •  DO 
CANCEL  THF  PESPONSE  .PEG. FOR. SVC 
DESTROY  THE  RESPONSE. REQ. PCR. SVC 
LOO" 

•  t 

PCR  CACH  PINAL. ASSIGNMENT. NOTICF  IN  EV.S ( I . FI NAL. ASSIGNMENT. NOTI CE) ,  00 
CANCEL  THE  final. ASSIGNMENT. notice 
DESTROY  THE  P  INAL .ASSIGNMENT .NOTICE 
I.  OOP 

*  • 

p 0®  FACH  UPSTREAM. BREAK. OOWN  IN  EV ,S  ( I . UPSTREAM. BREAK. DOWN ) ,  DO 
C AF*C EL  th=  UPSTREAM. BREAK. OCWN 
DEC  TROY  THE  UPSTREAM. BREAK. OCWN 
l  H'JP 

*  t 

FOP  bach  OCWNST5EAM.BRFAK.OOWN  IN  EV.SII  .DOWNSTREAM. BREAK. DOWN) ,  DO 
CANCEL  THE  DOWNSTREAM. BREAK. OCWN 
DESTROY  THE  DOWNSTREAM. BREAK. DOWN 
L<p> 

FOR  EACH  STgP.SIMULATION  IN  EV . SI  I .STOP . SIMULAT ION) ,  00 
CANCcL  THE  STOP. SIMULAT ION 
OESTROY  THE  STOP. SI MULATION 
LOOP 
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FOR  FACH  OIJK. MANIPULATION  IN  EV. S(I .Cl JK.MAN IPULATION I ,  DO 
CANCEL  THE  OIJK. MANIPULATION 
OESTROY  THE  OIJK.MANI PULATICN 
100° 

FOR  FACH  RE.NCVE.TRANSIENT.EFFECT  IN  EV.Sd  .RE.MOVE.TRANSIENT.EFFECT )  ,00 
CANCEL  THE  RE. MOVE. TRANSIENT. EFFECT 
CESTROY  THE  RE.MOVE.TRANSIENT.EFFECT 
L  OOP 


RETURN 

END  "OF  DESTRUCTION 

/* 

// 
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//TIOSTAT  JOB  (1966,0132) , • Tp I TCHLER  1642» , CLASS*; 

//♦MAI N  0RG»NPGVM1.1966P,LINES*<5) 

//♦FORMAT  PR  ,  CDNAM?* ,OEST  =  LOCAL 

//GO  EXEC  PGM*LOADER,PARM*'MAP, SIZE=560K* , REGION* 1 024K 

//SYSLTB  00  0SN=SYS3.S IML I B 8H, UNI T *33  SC , VOL *SER  =  MVS003 , 0 1 SP-SHR 
//SYSLOUT  OD  SYSOUT**»CCB*(RECFM=FEA,I.R  EC  L*121»BLKSIZE*  12101  , 

//  S°ACE*(TRK,< 1,1)  ) 

//SYSLIN  OD  DI SP*  5HR ,D  SN*MS  S.S196  6.THESIX. LOAOL I B 
//SJMU05  DC  ODNAMf *  S YS I N 

//SIMU06  "  ‘  ‘ 

//5IMU17 
//SYSIN 
0 


DDNAME*SYS IN 

SYSOUT**  ,DCB* (R  ECFM*F  BA, LRECL=133, BLKS I 2E*3325) 
0SN-SYS3.SIMERR8H,UNI 7*335C  ,V0L*SER«MVS003,0ISP«i 

<-  SPECIFY. OUTPUT  PRINTING  VARIABLE 
<-  PRNT  DIAGNOSTIC  PRIf  TING  VARIABLE 
<-  PRT  DIAGNOSTIC  PRINTING  VARIABLE 
<-  LTD. PRINT  PRINTING  VARIABLE 
<-  ROUTING. ALGORI THM. SELECTOR 
<-  N.NOOE  *  NUMBER  OF  NODES  IN  THE  NETWORK 
<-  TRANSMIT. PERCENT, 

RECEIVE. PERCENT. 

GROUP,  AND  FAMILY 


1  0  0  0  0 
110  0  0 
a  l  o  o  o 


o  1  o 
1  0  1 
CIO 
10  0 


0  0  0  0  0  0 

7  u  ; 

6  9  t 

6  7  i 

6  10  < 

2  9  t 

8  12  1C 

119.7  91.3 

119.7  106.5 


<-  THIS  13  BY  13  BLOCK  OF  l'S  ANC  0*S 
IS  THE  LINKABLE  ARRAY  USEO  TO 

IDENTIFY  DIRECTLY  CONNECTED  NODES. 


0  0  10 
C  1  0  1 
10  10 
10  0  1 
0  111 


133.2  127.6 
81.3  122.2 


91.3  106.5  92.9  101.9  94.0 

133.2  92.9  121.3  122.4  97.8 

127.6  121.8  111.1  133.3 

81.3  101.9  103.7  97.6  113.2 

94.0  122.4  102.7  105.5  98.6 

97.8  111.1  105,5  110.9  130.0 

122.2  97.6  123.4  117.6 

11?. 2  «>8.6  122.4  1?1.2  118.6 

81.1  110.9  121.2  100.6  123.3 

133.3  130. C  100.6  140.7 

117.6  118.6  123.3  140.7 

1.0  2.0  3.0  5.0  6.0 

17.0  20.0  22.0  25.0  29.0 

55.0  60.0  66.0  73.0  81.0 


1.0 

ll:°o 

30C.0 

1000 

P4 


2.0  3.0  5.0  6.0 

20.0  22.0  25.0  29.0 

60.0  66.0  73.0  81.0 

<-  TEST.OURATICN 
<-  MAX.CKTS. IN  STM 


<-  SLCTS  (PER  FRAME 
<-  MINIMUM  SLOT  STA 

£  iwtemm me 


<-  30  PAIRS  OF  OIRECTLY 
CONNECTED  NOOES 


<-  LINK  ATTENUATIONS, 
IN  08 


11.0 

1&7*8 


15.0 

49.0 

128.0 


<-  ATTENUA¬ 
TION  BIN 
ASSIGNMENTS 


KING  DEPTH,  MAXIMUM  SLOT  STACKING  OEPTH 
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0.J50002 


96 
2  56 
1024.0 
0  2 


DATA  A 1  NAVAL  POSTGRADUATE  SCHOOL 
FROP. DELAY. TIME 

efSg  5M!T!!;’l?"A£,?iVIIuRI8EoR!7«JfTFO" 5RCH  N°0E 

?!:l  SISJSS  SBSIIE  SJ!!»eW.»9aT'M  ueSSJS.cYCLes 


'  *  »-ur>Aww  u  T  rtMr  u.  KUJIlWls  UrUA  t  CTLLcS 

tine  period  between  periodic  status  reports 

PfPCENTAGE  CF  CIRtUIT  RECUl.sEMENTS  GENERATED  IN  GROUP 

E  m  \m & h  Jn£rrtIc  18  m 


X  COORDINATE  OF  THE  BREAK. POINT 
Y  CCCRDINATg  OF  THE  BREAKPOINT 
MAXIMUM  SCALED  NOOE  WEIGHT 
533422552  <- 

166196999 
167426746 
537837858 
0  1  4  8  1  12  8  12  12 


12  9  9 

1239  4568 
1230  4568 
1239  4568 
1239  4568 
1239  456e 
1239  4568 
1239  4568 
1239  4568 
1239  4568 
1239  456e 
1239  4568 
1239  4568 
1239  4568 
1239  4568 
1239  4568 
1239  4568 
1239  4568 
1239  4568 
1239  4568 
1239  4568 

n 


<-  TINE  PERIOD  8 
<-  PERCENTAGE  CF 
<-  PERCENTAGE  CF 
<-  X  COORDINATE 
<-  Y  COORDINATE 
<-  MAXIMUM  SCALE 
4  5  3  3  4 

3  16  6  1 

4  16  7  4 

0  5  3  7  8 

4  0  14  8 

2  3  0  7  7 

4  8  6  0  8i 

4  5  7  7  0  1. 

2  13  6  10  13  ( 

7  11  6  7  11  < 

8  12  10  7  8  i: 

8  5  13  8  8  I' 

,12  12  10  11  11  < 

1  7897  126  3455  < 

J  7857  126  3455  ( 

»  7897  126  3455  < 

!  7897  126  3455  < 

i  7897  126  3455  < 

i  7897  126  3455  ( 

7897  126  3455  ( 

I  7897  126  3455  ( 

I  7857  126  3455  i 

!  7857  126  3455  < 

I  7857  126  3455  i 

I  7897  126  3455  4 

I  7897  126  3455  4 

!  7857  126  3455  4 

I  7897  126  3455  l 


<-  STATIC  BEST. PATH  ARRAY 


10  10  1C  9 

10  11  11  1C 

11  11  12  12 

10  10  13  13 


1  1!  18  lJ  H 

8  13  11  11  C 
1910  11  12 


10  11  11  9  10  11  12  0 

126  3455  6784  9013  2242  5671  8900 

126  3455  6784  9013  2242  5671  8900 

126  3455  6784  9013  2242  5671  8500 

126  3455  6784  9013  2242  5671  8900 

126  3455  6784  9013  2342  5671  8900 

126  3455  6784  5013  2342  5671  8500 

126  3455  6784  9013  2342  5671  8900 

126  3455  6784  9012  224 2  5671  85 00 

126  3455  6784  9013  2242  5671  8900 

126  3455  6784  9013  2342  5671  8500 

126  3455  6784  5013  2242  5671  8500 

126  3455  6784  9013  2242  5671  8500 

126  3455  6784  5013  2342  5671  8500 


\U  1 


455  6784  9 
455  6784  9 


31s  ?!3I  JH 1  1388 


355J  |2‘  3455  6784  4013  2342  5471  |«5 
7897  126  3455  6784  5013  2242  5671  8900 
78ST  126  3455  6784  9013  2242  5671  8500 
7B57  }2*  3455  6784  9013  2242  5671  8900 
7897  126  3455  6784  9013  2342  5671  8900 


<-  SEVERAL  LINES  OF 
THE  SAME  RANOCM 
NUMBER  SEED 
NUMBERS 
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